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.^ PREFACE 
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This book treats of the various phases of the condensed milk 
and powdered milk industry. It discusses every step in the 
process of manufacture, following the milk from the farmer's door 
to the finished product in the pantry of the consumer. The processes 
of condensing and desiccating milk, skim milk, buttermilk and whey 
are given special attention and the defects of the product, their 
causes and prevention are explained in detail. 

The inception of this publication is the result of innumerable 
and persistent calis for definite and reliable information on tfie sub- 
ject of condensed milk and milk powder, from manufacturers in this 
country and in foreign lands ; from parties contemplating embarking 
in the business ; from national and state experiment stations which 
are oftentimes called upon to investígate condensed milk defects ; 
from dairy schools desiring to give instruction on the subject ; from 
national and state puré food departnients, seeking information con- 
cerning the possibilities and limitations of manufacture, in their 
efforts to formúlate and enforce standards and laws ; and from com- 
mercial chemists in need of reliable methods of analyses of these 
special dairy producís. 

*The information contained in this volume represents the au- 
thor's experience, covering a period of twelve years, in the practical 
manufacture of condensed milk, as expert advisor to milk condens- 
ing concerns in the United States, Canadá and Australia, and as 
visitor of condensed milk and milk powder factories in this country 
and in Europe. 

It is the author's hope that the information contained .herein 
may serve as a guide to manufacturers, investigators, teachers and 
food authorities, alike ; that it may assist in a better understanding 
and wider dissemination of the principies, phenomena and facts ín- 
volved in the processes of manufacture; and that it may Hft the 
obstructing veil of unnecessary secrecy which has hovered over these 
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industries since their beginning, curtailing their development and 
depriving them of much of the light of advanced science to which 
they are justly entitled and which they need for their greatest devel- 
opment for the lasting benefit of the producer, manufacturer and 
consumer alike. 

O. F. HUNZIKÉÍR. 

Purdue University, March, 1914. 

PREFACE FOR THIRD EDITION 

Since the issuance of the First and Sfecond Editions of this 
treatise many changes have taken place in the various phases of the 
Condensed Milk Industry. Oíd processes have been modified and 
improved, new processes have been invented, the equipment used 
for manufacture has undergone changes, new tests have been de- 
vised for the determination of the composition of the finished prod- 
ucts and the entire status of the industry has yielded to an unex- 
pected, unforeseen and important evolution. 

Of the most outstanding new features in this edition may 
be mentioned the chapters on Directions for the Standardization of 
the Sterilizing Process, Evaporated Milk Control, Use of the Mojon- 
nier Viscosimeter, Manufacture of Condensed Buttermilk and But- 
termilk Powder, New Patents and Processes for the Manufacture of 
Milk Powders. Important additions have also been made to the 
chapters on History of the Industry, Volume of Output, Markets, 
Exports, Imports, Cost of Manufacture, Standardization of Con- 
densed Milk, and Prevention of Condensed Milk and Milk Powder 
Defects. 

In preparing this Edition, the author has endeavored to com- 
pletely revise the oíd edition, incorpoarting in the revised edition the 
many changes which the tooth of time has wrought and to bring this 
treatise in all its important phases up-to-date. 

O. F. HUNZIKER. 

Chicago, 111., September, 1920. 
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PART I. 
CONDENSED MILK 


Cjtapter i. 


DEFINITION. 

Condensed milk is cow's fresh milk from which a consider- 
able portion of the water has been evaporated and to which 
sucrose may or may not have been ádded. 

There are chiefly two classes of condensed milk, namely, 
sw^eetened and unsweetened. Both reach the market in hermet- 
ically sealed tin cans intended for direct consumption, and in 
bulk, intended for bakers, confectioners and ice cream manu- 
facturers. 

A portion of the condensed milk on the market- is made 
from the chief by-products of milk, skim milk and buttermilk. 
Condensed ákim milk supplies the same markets as condensed 
whole millc sold in bulk. Condensed buttermilk furnishes a 
valuable hog and chicken feed. It has, also, been recommended 
for medicinal purposes, and of late years it has found extensive 
use in bakeries and for the manufacture of diverse prepared foods. 


HISTORY AND DEVELOPMENT OF INDUSTRY. 

Invention of Process. — Condensed milk is the child of the 
nineteenth century. Its origin does not date back far, and its 
innovation and rapid development stand in sharp contrast to 
those of the manufacture of butter and cheese, industries to 
which reference is made in the Oíd Testamenta and the evolution 
of which has been very gradual. Notwithstanding the newness 
of this product, its manufacture has assumed such proportions 
that today it occupies a prominent place among the leading 
branches of dairy manufactures. 

The condensed milk industrv vvas introduced at about the 


^ Book of Génesis, C. 18, V. 8: "And he took butter and milk and the calí 
he had dressed and set it before them." 

Book of Job, C. 10, V. 10. "Hast thou not poured me out like milk and 
curdled me llke cheese." 
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same time as the factory system of the butter and cheese indus- 
try; although, for many years before the invention of a suc- 
cessful process of condensing milk, methods had been sought 
to preserve milk, 

The American, Gail Borden, the inventor of the manufac- 
ture of condensed milk, is said to have experimented some ten 
years before he finally decided that a semi-fluid state, produced 


ii«. B. chdl BordMt 

by evaporation in vacuo, was the best íorm of preservation. 
He first applied for a patent in 1853, but it wa.s not until three 
years later that the Patent Office appreciated the originality 
and vakie of his claim sufficiently to grant him a patent. In 
August, 1856, he was awarded a patent on his process, both by 
the United States and by England. 

In his application Mr. Bordón says:' 

"I am aware that sugar, and various extracts. have been and 

> "A Brlef Sketch o( Gall Borden." by S. L.. Goodale, Secretary Maln« Stat* 
Board of Agricultura, 181!. — Courtesy of Borden's Condensed Milk CorapKny. 
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are now concentrated in vacuo under a low degree of heat, to 
prevent discoloration or burning. I do not claim concentrating 
milk in a vacuum pan for such a purposcmy object being to 
excludé the air from the beginning of the process t» the end, 
to prevent incipient decomposition. This is important and I 
claim the discovery." 

The claim, United States Patent No. 15,553, August 19, 
1856, is in the following words : 

"Producing concentrated sweet milk by evaporation in vacuo, 
substantially as set forth, — the same having no sugar or other 
foreign matter mixed with it." 

Since the introduction of the process of milk condensing, in- 
vented and patented by Borden, numerous modifications of the 
process, as well as entirely diflíerent processes, have been in- 
vented in this country and abroad. The most characteristic 
among these are: condensation by refrigeration, by centrifugal 
forcé, by boiling under atmospheric pressure, by passing hot air 
over or through milk, etc, Most of these new processes have 
not proved commercially satisfactory, with the result that the 
principie of the process, originally invented by Gail Borden, 
and which consists of condensing the milk in vacuo to a semi- 
fluid liquid, is still made use of in the manufacture of the great 
bulk of condensed milk produced, both in this country and 
abroad. 

While the claim of the patent granted Gail Borden was 
that of "producing concentrated sweet milk by evaporation in 
vacuo without the admixture of sugar or other foreign mat- 
ter,*' records show that Gail Borden manufactured sweetened 
condensed milk, sold under the famous Eagle Brand label as 
early as 1856. The first advertisement by Borden of unsweet- 
ened condensed milk was recorded in Leslie's Weekly, May 
22, 1858. It reads as follows: 

"Borden's Condensed Milk. Prepared in Litchfield County, 
Conn., is the onlv milk ever concentrated without the admix- 
ture of sugar or some other substance and remaining easily 
soluble in water. It is simply Fresh Country Milk, from which 
the water is nearly all evaporated, and nothing added. The 
Committee of the Academy of Medicine recommend it as *an 
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article, that, for purity, durability and economy, is hitherto un- 
eqiialled in the annals of the milk trade.' 

"One quart, bythe acldition of water, makes two and a half 
qiiarts, — equal of cream, five quarts rich milk and seven quarts 
good milk. 

"For sale at 173 Canal Street, or delivered at dweilings in 
New York or Brookiyn at 25 cents per quart." 

Development of Industry. — The beginning was small, the 
process crude and the product im.perfect. Not uiitil the stren- 
uous years oí the war of Secession did the valué and useful- 
nesR of condensed milk as a com- 
modity hecome fully recognized. 
During the Civil War there was 
a great demand for this product I 
and from that time on the indus- / 
try grew with great rapidity. J 

The first factory was operaled 
hy Cail Borden ¡n Wolcottville, 
Litchfield ooiinty, Connecticut, in 
^^ ^ the summer of 1856, but disap- 

pointed in not obtaining means, 
nothiiig was accomplished. A sec- 
ond attempt was made at Burr- 
viUe, five miles distant, in 1857. hy a company consisting of the 
owners of the patent. A small quantity of milk was here suc- 
cessfully condensed and its introducíion into New York began. 
Although admitted by all to be superior to any before made, it 
was slow in meeting with sales proportional in magnitude to 
the expenses incurred. Yielding to the monetary revulsión of 
that year the company suspended operations, leaving Mr. Bor- 
den liable for bilis drawn, on which he was sued. 

It was not until February, 1858, when Mr. Borden (with the 
other owners of the patent) associaíed himself with Jeremiah Mil- 
bank, Esq., who advanced money to revive the busíness, that he 
could be said to enjoy adequate means to develop his invention 
and at which time the New York Condensed Milk Company was 
formed. Abandoning Burrville, the nevv company esíabÜshed 
work on a more extensive scale in Wassaic, Dtichess county, 
New York, in 1860. In 1865, extensiva works were erected at 
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Elgin, Illinois. Borden's Condensed Milk factories today num- 
ber upwards of fifty, exteiiding froni Maiue to Washington State 
as well as into Canadá. The Kew York Condensed Milk Com- 
pany was incorporated in New Jersey in 1860 and in New York 
in 1870. This conipany was succeeded by Borden's Condensed 
Milk Company which was incorporated in New Jersey in 1899. 
In the sixties of the last centiiry, the Anglo-Swiss Con- 
densed Milk Company was organized in Switzerland under the 
leadership of Charles A. Page, then United States Cónsul at 
Zurich, Switzerland, and bis brother George H. Page, and witli 
the assistance of Swiss and English capital. The first factory 
of that company was huiit and operated in 1866 at Cham. Lake 


FIir- *■ Fsotorr of Bordni'B ConflauBafl WU Oo., KuUIoIphi N. T. 

Zug, Switzerland. nnder the dirertion of George H. Page, who 
was its president until 18^8, when he died. 

This company prospered and grew rapídly in Europe. In 
the eighties of the last cenmry it invaded,the United States. 
where it biiilt and operated several large faetones in New York, 
Wisconsin and Illinois. The .American faetones were managed 
by David Page and William R. Page, brothers of George H. 
Page. In 1902 the Anglo-Swiss Condensed Milk Company sold 
its entire American interests, factories and business, to Borden's 
Condensed Milk Company. In 1904 the Anglo-Swiss Condensed 
Milk Company Consolidated with Ifenry Nestle, of Vevey, Lake 
Geneva, Switzerland, another siiccessfn! manufacturer of con- 
densed milk. The company which is now known as the .Nestle- 
Cham Condensed Milk Company, is operating some twenty large 


22 HlSTORY AND Development 

condensed milk faetones in Eiiropean coiiiitries, with headquar- 
ters at Cham, Switzerland. 

Up to the early eighties of the last century, sweetéiied con- 
densed mük was the only condensed milk that was put on the 
market and sold in hermetically sealed cans, while unsweetened 
condensed milk was manuíactnred and sold open, largely direct 
to the consumer, in a similar way as market mílk. The piirity 


ng. S. Pul Boom In Tkotorr of Bordan'a Ooll<l*i»«a HUÍ Va. 

and keeping qiiality oí this unsweetened condensed milk, how- 
ever, were greatly superior to market milk. 

Early in 1885 the Helvetia Milk Cohdensing Company was 
organized at Highland. Illinois. This company confined its 
efforts exclusively to the manufacture of evaporated milk (un- 
sweetened condensed milk, sterilized by heat and sold in her- 
meticaíly sealed cans). While, for se\eral years before the or- 
ganization of this company, the possibililies of producing a 
sterile unsweetened condensed milk were essayed in laboratory 
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investigations by scientists, and while simultaneously with thc 
commencement of operations of this company, 5everal other com- 
panies experimented oii this form of coiidensed milk, the Helvetia 
Milk Condensing Company was the first organization that suc- 
ceeded in producing a marketable unsweetened condensed milk 
that was sterile and woiild keep indefinitely. 

The rudiments of the 
process of evaporated, steril- 
ized milk were introduced by 
Mr. John B. Meyenberg, a 
nativa of Switzerland, who 
formerly was opcrator in the 
mother plant of the Anglo- 
Swiss Condensed Milk Co. at 
Cham, Switzerland. Mr. Mey- 
enberg, being a man with an 
inventive turn of mind, ex- 
perimented on the evapora- 
tion and sterilization of milk, 
diiring the years 1880 to 1883. 
■ As the result of these experi- 
ments he decided that it was 
possible to preserve mük. 
without the aid of sugar. 
Migrating to this country, he 
applied for, and was granted 
a patent on his idea of pre- 
serving milk by sterilization, 
by the United States Govern- 
ment in 1884 (Patent No. 
«». e. Joiu. B. lUrmlMir . 308,422), and again in 1887 

(Patent. No. 358,213). Mr. 
Meyenberg was also granted patent rights (Patent No. 308,421) 
on apparatus for preserving milk. 

Attracted to líighland, Illinois, by reason of its large Swiss 
population, on the representations of Mr, A. J. Pagan, a leading 
Highland citizen, who brought Mr. Meyenberg to Highland and 
introduced him to the commiinity, Mr. Meyenberg associated 
himself with Mr. John Wildi, then a merchant of Highland, who 
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at once tcx)k a leading part in the organization of the Helvetia 
Milk Condensing Co., early in the year 1885. Mr. Meyenberg 
served as the technical manager for the first year, after which 
he severed his connections with his company and became en- 
gaged in the promotion of other evaporated milk factories in 
the middle west, and on the Pacific Coast. Mr. Meyenberg died 
in 1914. 

During the first year of its existence, operations of the Hel- 
vetia Milk Condensing Company were suspended a number of 
times, both on account of difíiculties encountered in the technique 
of successful manufacture and also for financial reasons. In an 
endeavor to place the company on a technically and commer- 
cially successful basis, the board of directors took charge of the 
work with Mr. Louis Latzer as technical manager, and the first 
half of the second year was mostly devoted to experimental 
work. During the third year, interruptions in the operations 
were only slight and after that the company operated continu- 
ously and successfully until the panic of 1893, which marked 
the last suspensión of business and which was due to the strained 
commercial conditions that prevailed throughout the country. 

The first board of directors .of this company was composed 
of Dr. Knoebel, John Wildi, George Roth, Fred Kaeser and 
Louis Latzer, with Dr. Knoebel as president and Mr. Wildi 
as secretary and treasurer, and business manager. In 1888 Mr. 
Latzer became president, which position he is holding to the 
present day. In- 1907 Mr Wildi severed his connection and 
organized the John W^ildi Evaporated Milk Co. with headquar- 
ters in Columbus, Ohio. Mr, Wildi died in 1910. 

The early development and the vicissitudes through which 
this pioneer company in the evaporated milk business passed are 
most instructively expressed by its president, Mr. Latzer: 

"Very little of the product turned out the first two years 
would now pass as standard goods. About the third year, after 
more knowledge of the physical and chemical properties of milk 
and after the introduction of the practice of fractional steriliza- 
tion, had solved the. keeping properties and had improved the 
physical condition of the product, we felt that the industry had 
come to stay. After we had gaíned more knowledge and expe- 
rience, and a lower standard of the product was adopted by the 
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industry,, the practice of fractional sterilization was abandoned 
for economic reasons. 

"The commercial part of the business also had its triáis and 
tribulatíons in introducing a new and comparatively inferior 
product of comparatively high cost, and to overeóme the prej- 
udices of both the trade and the medical profession. 

'*The problem thus confronting the company was tn ím- 
prove the product, decrease its cost and improve selling methods 
at the least possible cost." 

At first this unsv^eetened condensed milk, of relatively thin 
consistency and pregnant with the cooked flavor resulting from 
its exposure to high sterilizing temperatures, failed to appeal 
to the public, v/ho had become accustomed to the use of the 
sweet, thick and semi-fluid sweetened condensed milk. But of late 
years the demand for, and the manufacture of this product, 
evaporated milk, has increased rapidly, until today, in this 
country, its output by far exceeds that of sweetened con- 
densed milk. 

Originally this unsweetened sterilized condensed milk was 
labeled and sold under the ñame of '* Evaporated Cream." The 
Federal Food and Drugs Act of 1906 caused the ñame "Evapo- 
rated Cream'' to be changed to "Evaporated Milk." 

A further important step in the deyelopment of the manu- 
facture of condensed milk occurred with the introduction of 
the Continuous Concentrator, which machine was developed by 
the By-Products Recovery Co., of Toledo, Ohio. This company 
was organized in 1913 and their machine and process are covered 
by numerous United States patents. The principie upon which 
the Continuous Concentrator is constructed and operates is as 
follows : 

"To rapidly move a film layer formation within a cylinder 
having a heated surface, having means for escaping vapors and 
means for keeping the surface bright and clean, circumferentially 
and from the point of inlet to the point of outlet." 

Another type of the film principie of continuous concentra- 
tion is represented in the Ruff Condensing Evaporator, manu- 
factured by the Cream Production Co., Port Hurón, Mich. 

The Continuous Concentrator in its present improved form 
has reached a state of perfection that renders this machine appli- 


26 


HlSTORY AND DEVEWPM^NT 


cable for the commercial manufacture of the diverse forms of 
condensed milk and milk by-products. 

The simplicity and economy of the equipment involved, the 
simplicity and rapidity of the process and the fact that no water 
is required for condensing the escaping- vapors, are decided ad- 
vantages over the condensa tion in vacuo. Already the demand 
for these concentrators among condenseries and ice cream fae- 
tones is very great. This process lends itself admirably to the 
establishment and operation of small local condenseries and milk 
shipping stations where milk is condensed and then shipped for 
packing and sterilization to concentration plants. 

Annual Output of Condensed Milk in the United States 

1899-1919, Inclusive. 



Total 

Sweetened 

Unsweetened 

Years 

Condensed 

Condensed 

Condensed 


Milk 

Milk 

Milk 

1899 




Pounds^ .... 

186,921,787 

O 

(.) 

Dollars^ .... 

11,888,792 

C) 

C) 

1904— 




Pounds^ .... 

308,485,182 

198,355,189 

110,129,993 

DoUars^ .... 

20,149,282 

13,478,376 

6,670,906 

1909 

é 



Pounds^ .... 

494,796,544 

214,518,310 

280,278,234 

Dollars^ .... 

33,563,129 

17,345,278 

16,217,851 

1914— 




Pounds^ .... 

883,112,901 

(') 

(°) 

Dollars'* .... 

58,011,677 

(') 

O 

1917 




Pounds^ .... 

975,000,000 

(') 

(•) 

Dollars* .... 

106,000,000 

(') 

o 

1918« 




Pounds 

1,675,934,234 

507,053,451 

1,168,880,783 

Dollars 




1919^ 




Pounds 

1,977,454,805 

674,184,225 

1,303,270,580 

Dollars 





1 United States Census Report for 1910. 
« United States Dalry División, by Correspondence. 
* Valué estlmated at (3.40 per case. 
^ Valué estlmated at $5.50 per case. 
» Not reported separately. 

«Potts, R. C, U. S. Bureau of Markets, February 17, 1920, and "The 
Market. Repórter," U, S. Bureau of Markets, Vol. 1, No. 13, March 27, 1920, 
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In this country, as well as in Canadá, Europe, Australia and 
New Zealand, the condensed milk industry grew rapidly. Every 
succeeding decade marked the organization of new companies 
and the erection of new factories until today, there are milk con- 
densing factories in nearly every civilized country within the 
dairy belt. 

The above figures may serve to emphasize the rapid growth 
which the condensed milk industry in the United States has 
enjoyed during the last decade. The total output of condensed 
milk in 1919, both sweetened and unsweetened, but not includ- 
ing "filled'' condensed milk such as condensed goods modified 
with vegetable fats, ñor condensed buttermilk and uncondensed 
sterilized canned milk, was 1,977,454,805 pounds, at an estimated 
valué of approximately $200,000,000. Calculating the ratio of 
concentra tion at 2.5 to 1, this output represents the utilization 
of approximately 4,944,000,000 pounds of fluid milk. In 1917, 
when the total output of condensed milk was 975,000,000 pounds, 
representing the utilization of about 2,437,000,000 pounds oí 
fluid milk, the total production of milk in the United States 
was estimated at about 84,611,3.50,000 pounds of which 2.9 per 
cent were manufactured into condensed milk. Reliable figures 
are not as yet available of the total production of milk in the 
United States for the year 1919. Tt is estimated however, to be 
about 90,000,000,000 pounds. On the basis of the above estí- 
mate, about 5.4 per cent of the total milk produced in the 
United States during the year 1919 was manufactured in to con- 
densed milk. 

A new and unprecedented ímpetus was given the condensed 
milk industry in America by the advent of the World War. The 
concentration of the product, its wholesomeness and high food 
valué, the serviceableness of its package and its great keeping 
quality rendered it indispensable as a food for the army and navy, 
as well as for the civilian population of the warring nations in 
its diré need for food. In this great crisis in which the food 
supply of the nations of the earth was playing a most important 
role, condensed milk has proved its worth and the demand for 
this commodity has increased to tremendous proportions. This 
demand has been readily responded to by the industry on the 
American continent and has resulted in a vast increase of the 
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output of condensed milk and in the erection of many new and 
large faetones within the short span of the war. 

The tremendous increase in the volume of condensed milk 
manufactured in this country in 1919 is due in part also to the 
rapidly growing consumption of ice cream and soft beverages 
of which ice cream is a constituent, as the result of national 
prohibition. Conservative estimates place the increase of con- 
densed bulk milk supplied to ice cream factories at 15 to 20 per 
cent over previous years. 

In 1899, there were in operation in this country about fifty 
factories manufacturing condensed milk, distributed over four- 
teen different states, New York and Illinois leading the list by 
over 50 per cent. In 1904, the Government estimated the total 
number of condenseries in operation at eighty-seven. In 1914, 
there were in the United States over two hundred milk condens- 
ing factories, distributed over twenty-three different states. And 
in 1918 Government statistics place the total number of con- 
denseries at 322, distributed over 30 different states as shown 
on the foUowing table : 

Distribution of Milk CcHidensing Factories in United States^ 

in 1920. 

Number of Number of 
States Factories States Factories 
Alabama 1 Missouri 3 

Arizona 3 Nebraska 2 

California 8 New Hampshire 1 

Colorado 5 New Jersey 5 

Florida 1 New York 68 

Idaho 2 North Dakota 1 

Illinois 31 Ohio 30 

Indiana 11 Oregon 5 

lowa 2 Pennsylvania 37 

Kansas 5 Rhode Island 1 '* 

Maine 1 Utah 3 

Maryland 3 Vermont 5 

Massachusetts 2 Virginia 1 

Michigan 24 Washington 19 

Minnesota 2 Wisconsin 40 


Total 30 322 


1 Potts, R. C, U. S. Bureau of Markets, 1920. 
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Other countries in which the condensed milk industry has 
made rapid progress are : Canadá, Australia, New Zealand, 
Switzerland, Germany, England, Ireland, Holland, Sweden. Nor- 
way, Austria, Japan and India. The annual output of some of 
these countries is reported below. 

Annual Output of Condensed Milk in Different Countries.^ 


Country 

Year 

Pounds 
Condensed Milk 

Australia 

1916 

1918 

1902 

1911 

1918 

1914 
(1914 
|l918(est.) 

1919 

45,694,897 

Canadá 

79,807,971 

France 

4,691,646 

Japan 

1,200,054 

New Zealand 

Norway 

6,205,400 
33,000,000 

Switzerland 

United States 

121,253,000 

55,115,000 

1,977,454,805 


Chaptkr II. 

ESSENTIALS OF SUITABLE LOCATIONS FOR MILK 

CONDENSING FACTORIES. 

Unlike the establishment of creameries and cheese fac- 
tories, the building of condenseries and the installing of the 
necessary machinery involve the investment of large capital. 
There is need of a substantial building and of expensive machin- 
ery. The supplies are numerous and must be purchased in larger 
quantities before the returns from the sale of the manufactured 
product are available. It is estimated that it takes from three 
to six months before the condensed milk reaches the consumer. 
This holds true especially in the case of canned goods. The 
fixed expenses also are comparatively heavy, and do not mate- 
rially change with a decrease or increase in the milk supply. 

All of these facts emphasize the importance of locating the 
factory in a territory most suitable for economic manufacture, 


* Pirtle, T. R., Statisticlan, U. S. Dalry División, February 12, 1920. 


30 ESSKNTIAI^S OF SuiTABLE LOCATIONS 

to guard against heavy lass which would naturally result in local- 
ities unfavorable to the industry. 

The chief factors to be considered in this connectioai are : 

Milk supply 
Water supply 
Transportation facilities. 
Other conditions. 

Milk Supply. — A large supply of milk with possibilities for 
extending the milk supply territory is tlie first essential. The 
condensery must have milk to do business. The locality in which 
Jt_is.located mu&t b e' adapted for the production of large quanti- 
ties of milk; it must be a dairy country where reasonably large 
herds are kept. Other things being equal, the larger the milk 
supply, the lower the cost of manufacture. Where the milk 
supply drops below fifteen thousand pounds of milk daily, pro- 
fitable manufacture becomes difíicult. Territories of gathered 
cream creameries are usually not very desirable. The farmers 
generally have small herds and are not inclined to haul their 
milk daily. They prefer to take their cream to the creamery 
once or twice per week, or whenever it is convenient for them to 
do so. Again, they appreciate the feeding valué of the skim 
milk and depend on the skim milk to raise their young 
stock and pigs. When they take their milk to the condensery, 
there is no skim milk ñor buttermilk left for feeding purposes. 

The presence of whole milk creameries and cheese faetones 
renders a locality most attractive for the establishment of milk 
condenseries. The farmers usually have reasonably large herds, 
they are accustomed to take reasonable care of their milk and 
to haul it to the factory daily, and the condensery prices are 
generally liigh enough above the creamery or cheese factory 
prices to induce the farmers to patronize the condensing factory. 

Territories in cióse proximity of large consuming centers, 
though dairying may have reached a high state of development, 
are not desirable, owing to- the continuous and growing demand 
for fresh milk. Competition of this kind means high prices, 
which no business tactics are capable of modifying. 

Water Supply. — The valué to the milk condensing plant of 
a generous and never-failing supply of clean, cool water cannot 
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be overestimated. The folly of erecting condenseries without 
first ascertaining the water supply has in some instances com- 
pelled milk condensing companies to abandon new plants, merely 
because of lack of water. 

In addition to the water used in the boilers and for wash- 
ing purposes, large amoiints of water are necessary for condens- 
ing and for cooling the condensed milk. It is estimated that the 
condensation of one pound of fresh milk reqiiires about three 
gallons of water at ordinary temperature, although this amount 
of water may be considerably redüced by the use of condensers 
of máximum efficiency. 

The water must be puré. In spite of all precautions, it will 
come in contact, more or less, with the milk. Though all appara- 
tus and utensils holding and conveying milk and condensed milk 
may be thoroughly steamed after rinsing with water, there are 
untold channels through which the milk may beaome contami- 
nated with polluted water. Frequently, while the milk is con- 
densing, the vacuum pump accidentally stops. If the processor 
fails to immediately shut off the water supplying the condenser, 
water will pour back from the condenser into the milk in the 
^'acuum pan. In the case of filthy, polluted water, the entire 
batch may be ruined. Again, the pan is usually rinsed between 
batches and, if the water used is unclean, it will contaminate the 
milk of the succeeding bath. Finally, when the heavy 40-quart 
cans filled with condensed milk are set into the cooling tank, 
water frequently splashes óver into the cans. Here again the 
quality of the condensed milk in jeopardized, unless the water 
used is puré. 

The water must be cold. The colder the water the more 
satisfactory is the operation of the vacuum pan and the smaller 
the volume of water required to condense a given volume of 
milk. If the temperature of the water used in the condenser 
rises much above 65 degrees F., the process of condensing may 
become dijficult, according to the type of pan and condenser used. 
Cold water is essential, also, for the prompt and proper cooling 
of the condensed milk. 

Transportation Facilities. — It is essential that the factory 
have access to one or more railway lines. 

While, for reasons discussed under "M¡lk Supply," it is not 
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advisable to erect a factory in too cióse proximity to large con- 
suming or railway centers. it is eqiially undesirable to choose 
a condensery site where transportation facilities are poor. 

Where access to one railroad only can he had, the factory 
is at the mercy of that road. Experience has shown that monop- 
oly of transportation usually means a low standard of efficiency 
of service and hig-h freight rates.* On the other hand, competi- 
tion involves a struggle for the survival of the fittest, and it 
offers the public all the inducements that biisiness ingenuity and 
enterprise can produce. Where two or more transportation com- 
panies are after the bnsiness of the same manufacturing concern, 
they will generally leave nothing undone in the way of accom- 
modations and low rates to please the maniifacturer. The result 
is that the manufacturer enjoys the advantages of efficient serv- 
ice, good accommodations and reasonable freight rates. ^ 

This is a factor which the condenserv cannot aflíord to over- 
look, as the freight charges are a very conspicuous item in the 
expense account of the milk condensing business. A part of the 
fresh milk may have to be shipped to the factory by rail, all the 
finished product must leave the factory by rail and the condens- 
ery is dependent on the railway for its raw materials and sup- 
plies. such as sugar, tinplate, solder, box shooks, barréis, labels, 
oil, rosin, gasoline, coal, etc. Prompt and efficient transportation 
is essential. Undue delays may cause the condensery serious 
inconvenience and loss, and may résult in the cancelling of im- 
portant orders. 

Othcr Conditions. — The remo val of the sewage of the fac- 
tory is important. It may be possible foj the factory to connect 
with the town or city sewer, in which case the problem is easily 
solved. Where this is not possible, a site along a creek, river, 
pond or lake may offer effective means to take care of the con- 
densery sewage. Where no such natural depository is available, 
the elevation of the site should be sufficient to carry off the sew- 
age far enough from the factory to insure the plant against foul 
odors and unsanitáry conditions. In the absence of all of these 
avenues for the disposal of the sewage, a properly laid-out sys- 


1 The matter of freight rates is now largely regulated by the Federal De- 
partment of Transportation. 
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tem of septic tanks with efficient filter beds may serve the 
purpose. 

Where possible, ¡t is advisable to take advantage of híllsides, 
affordíng natural means to arrange and opérate the factory on 

the g^avíty plan. 

• 

BUILDING AND EQUIPMENT. 

Material of Construction. — Since the establishment of a milk 
condensing factory involves the investment of considerable capi- 
tal, those wilHng to invest must have faith in the permanency 
of the business. For a permanent business, a building substan- 
tially constnicted is the most economical. Most of the faetones 
belonging to the most reputable concerns are built very sub- 
stantially. However, there are in this country condensing fac- 
tJoríes in the construction of which cheapness was the govem- 
ing factor. 

It is beyond the realm of this volume to furnish detailed 
speciñcations and plans for the construction of condensed milk 
faetones. Such information , would be of comparatively little 
valué, as such details must of necessity vary with locality, ca- 
pacity of prospective plant, type of equipment, system of opera- 
tion and preferences of individual owners. Such details are best 
decided on and worked out for each individual factory separately 
and when needed. There aré a few fundamental principies, how- 
ever. which ápply to all faetones and to which attention may be 
briefly called here. 

Floors, Walls and Ceilings. — Stone, brick, concrete, concrete- 
steel, according to availability, are satisfactory materials of which 
to construct a condensery. Intersecting walls or partitions are 
best constnicted of similar material. If constructed of wood, 
they should rest on concrete, brick or stone, built up at least 
two feet from the floor, or the lowef two feet of which parti- 
tions shouid be wainscoated with an approved quality of cement 
plaster. 

All floors of the main building should be of cement, great 
care being taken that the foundation of these floors be of uni- 
formly hard material, thoroughly tamped and avoiding soft spots. 
The concrete bed should be at least four inches in depth, con- 
sisting of one part of cement, two parts of sand and four parts 
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of gravel. The sand should be sharp building sand and the gravel 
should be washed pebbles. ranging in size from one-half to one 
inch. The top dressing should he not less than one inch thick, 
consisting of one part of cement and one and one-half parts of 
sharp building sand. It should be carried up on the walls and 
partitions at least two inches, forniing a sanitary cove. After 
finishing, the floors should be allowed to barden for at least 
two weeks, This will greatly prolong their life. It is advisable 
to use cement hardener such as Master Builders' cement, or 
Lapidolith, etc., which will help to niake these floors more nearly 
wear-, water-, dust- and crack-proof. It is difficult to keep the 
condensery in sanitary condilion and to protect the* product 
against contamination, unless the floors of the factory are and 
stay free from cracks and holes. 

Ventilation. — -A proper and eflíective system of ventilation 
is another very important and too often entirely neglected factor 
in the planning of the condensed milk factory. This applies to 
all parts of the plant where work is being done, but it is espe- 
cially essential in rooms where free steam escapes. The ventilat- 
ing system should be adequate to afford ready and quick escape 
of steam, to remove foul air and to facilitate the regulation of 
temperature. Unless free steam does promptly find an exit from 
the factory roorns, it condenses on the walls and ceilings, mak- 
ing them sweat profusely, causing corrosión of the walls and 
ceiling, deterioration of motors and other similar equipment, 
and molding of supplies ; this is especially the case during the 
winter months. The removal of foul air and the control of the 
temperature of the air are essential for the comfort, health and 
efficiency of the employes. 

The system of ventilation that will accomplish efficient ven- 
tilation will of necessity vary with the type of plant and arrange- 
ment of equipment. Gravity ventilation is, under average con- 
ditions, inadequate to produce satisfactory results in factories, 
like milk condenseries, where there is bound to be much escape 
of free steam. The exchange of air is not rapid enough to remove 
the steam before it condenses on the walls and ceilings, espe- 
cially in cold weather. It is, therefore, advisable to provide for 
some form of forced ventilation. Under certain conditions of 
construction an air flue connecting with the smoke stack may 
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furnish all the ventilation needed.^ Under manv other condi- 
tions, however, it is necessary to hood that equipment from 
which free.steam escapes in large voliime, such as can washers, 
and can sterilizers, hot wells, etc., and to draw the steam away 
through ducts of adequate size by one or more motor fans 
located in the outside wall or ceiling*. 

Drainage. — All floors of the manufacturing rooms should 
slope to facilítate rapid drainage. A fall of one-eighth inch 
per foot is usually suffiícient. Large water-sealed floor drains 
should be sufficiently numerous and well placed in all rooms to 
rapidly carry off water. The surface of these floor drains should 
be about one-half inch below that of the adjoining floor, so as 
to catch the water readily. In the larger rooms open drain- 
ditches in the cement floor, six to eight inches wide and covered 
with perforated iron plates, are preferable to bell-traps. They. 
may be placed along the walls or elsewhere. They should be 
not more than forty feet apart and have a fall of one-eighth 
inch to the foot, with the floor sloping toward them. It is gener- 
ally most convenient to have all the drain pipes enter into one 
large sewer pipe not less than ten inches in diameter, for a con- 
densery receiving about fifty thousand pounds of milk daily, 
wJiich should dispose of all the factory sewerage. It is advis- 
able to place the main sewer pipe outside the building and to 
have it terminate in a "clean-out." This will afiford more ready 
access in case the sewer is stopped up. 

General Plan of Factory. — Most of the condensing factories 
are either one- or two-story buildings. In the case of two-story 
buildings the first floor is usually devoted to the boiler and 
engine rooms, vat room, well room, filling, sealing and packing 
rooms. On the second floor are installed the pan room, store 
room for sugar and box shooks, the tinshop and possibly the 
offices. A basement is sometimes provided and used for the stor- 
ing of condensed milk. 

Fig. 7 illustrates a floor plan of-a milk condensing factory 
with a capacity of fifty thousand pounds of milk daily. All 
operating rooms are located on one floor. The arrangement of 
machinery permits of the handling of the milk on the gravity 

1 In this case there should be an inner and outer stack with an alr space 
between whlch connects with the alr flue. 
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plan or with pumps, according to the topography of the site 
and the elevation of the rooms. The receiving room floor and 
the platform which accommodates the vacuum pans, should be 
seven to eight feet above the main floor. In order to take care 
of storage of water, sugar, tin cans, barréis and box shooks, 
there should be a second floor over the well room and the fiUing, 
sealing and sterilizing room. The ceiling of these rooms should 
be not less than sixteen feet above the floor. 

The rooins are so arranged as to necessitate the mínimum 
expenditure of machinery, conveyors and labor. All work rooms 
open on the railway switch, and the storage room is accessible 
by two elevators. The well room, where most of the steam is 
needed, is next to the boiler room, so as to minimize condensa- 
tion in the steam pipes. If the main steam pipes are properly 
insulated, this arrangement should furnish the vacuum pans with 
dry steam. The floor in the boiler room should be two feet 
below the main floor, in order to give additional fall for the con- 
densation water from jacket and coils of the vacuum pans to the 
boiler feed tank. 

The partition between the receiving room and testing room 
is equipped with a cabinet, opening on both sides so that the 
sample bottles can be placed on the shelves in the receiving 
room and taken off the shelves in the test room. 

From the weigh cans on the receiving platform the niilk runs 
direct into the hot wells, which are sufficient in number to con- 
veniently divide the milk into batches and to heat the milk with 
the least possible delay. The capacity of the vacuum pumps is 
augmented by their cióse proximity to the vacuum pans. and the 
hot wells and by the fact that the water supply tanks are over- 
head. The space to be evacuated is confined very largely to the 
vacuum pan only, the milk has to be lifted by the vacuum pump 
but a few feet and the water runs into the condenser by gravity. 

From the well room the condensed milk is transferred to the 
tanks on the platform over the filling machines. The evaporated 
milk is pumped from the cooling coils through the wall and the 
sweetened condensed milk is raised to the platform in ten-gallon 
cans on the elevator, or is forced by a pressure pump into the 
tanks feeding the filling machines. The sealing benches are 
equipped with self-heating soldering coppers. In the place of the 
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soldering benches and hand coppers, automatic sealing machines 
may be installed. The sterilizers and shakers are conveniently 
placed to take care of the sealed evaporated milk. The tin cans 
for the sealing rcK)m and the box shooks for the packing room 
are brought down from the storagt room overhead on the ele- 
vator. The labeling and packing room, equipped with the label- 
ingand box nailing machines, provides for considerable storage 
of the finished product. Additional storage at a modérate and 
uniform temperatiire might be provided'for by a basement under 
the packing room. A label stock room fiirnishes satisfactory 
storage for the labels. 

In case the factory manufactures its own tin cans, a tinshop, 
equipped with the necessary machinery (see list of machinery 
and equipment) should be located in as cloSe and convenient 
proximity to the filling and sealing room as possible. A suitable 
place is directly opposite the filling room with the railway track 
separating the latter from the tinshop. The tinshop should have 
two outside doors, opening out on the track, and its machinery 
should be so arranged that the tin píate can be unloaded from 
the car at one door, is moved back through the machinery and 
appears again in the form of finished cans at the other door, 
directly opposite the filling room and ready for the reception 
of the condensed milk. Instead of erecting a sepárate building 
for the tinshop, the latter may also be conveniently installed in 
the second story directly over the filling room. 

Where natural gas and gas from municipal corporations is 
not available, one or more gasoline gas generators should be 
installed. These gas generators contain inflammable material 
and should, therefore, be located at a reasonable distance from 
the main building. 

The tendency in factory construction today is to do away 
with all partitions between operating rooms, having all manu- 
facturing and packing rooms in one large space. In this case 
it is customary and economical to place the vacuum pan and 
condensed milk storage tanks on an elevated platform and in- 
stalling the hotwells, coolers, vacuum pump, milk pumps, 
homogenizer, filling and sealing machines, sterilizers, labeling 
and packing machines on the main floor, which also provides 
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the necessary space for the stock of siipplies and of canned 
goods. 

List of Equipment. — The following is a list of the principal 
machinery and equipment needed in an up-to-date condensery 
with a capacity of fifty thousand pounds of milk daily: 

BOXZkSB BOOM 

Boilers with a total capacity of 400 H. P. 
1 boiler feed tank. 
1 boiler feed pump. 
1 boiler water heater. 

ENaZlTB BOOM' 

1 40 H. P. engine. 

2 well pumps, 150 gallons per minute each. 

1 80 light dynamo. 

Pipe and thread-cutting tools, anvil and forge. 

BECSZVINa BOOM 

2 1000-pound weigh cans, "low^ dowm" style. 

2 6-beam milk scales, or other weighing arrange- 

ment. 
1 can-w^ashing machine with steam and water jets 

and air blower for drying the cans. 
1 milk sample bottle rack. 

KBATZNG AND CONBSnrSZNG DSPABTMEHT 

6 5000-pound capacity jacketed kettles with revolv- 
ing agitators and superheating device. 


i 


1 6-foot vacHum pan 

1 7-foot vacuum pan V^ or continuous concentrators. 

2 vacuum pumps J 
2 500-gallon standardizing vats on scales. 
1 6-cylinder homogenizer. 
1 internal tube cooler, capacity 5000 to 8000 pounds 

per hour, for cooling evaporated milk, or 

1 submerged coil cooler, or 

2 36-can cooling vats with cans, cross bars and pad- 

dles complete, or 


^ In case municlpally grenerated electrlcíty is available, th«re is no need 
of a Dynamo and much of the equipment may be suppUed with direct drive 
by motora. This would obviate the installation of a steam entine. 
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2 5000-lbs. circular cooling vats with vertical coils 
for cooling sweetened condensed milk, or 

1 submerged coil cooler with high pressure pump 
and two 5000-gallon glass enameled holding 
tanks with agitators, for both evaporated milk 
and sweetened condensed milk. 

1 wash tank. 

1 elevator. 

1 2-beam platform scale. 

1 truck. 


rZX&ZHO, SBAZiZVO Air» STUmiTiIBIirO dbpabtmbmb 

4 200-gallon condensed and evaporated milk vats.^ 
2 filling machines for sweetened condensed milk. 
2 filling machines for evaporated milk. 
4 soldering benches, 5x20 feet, with 10 self-heating 
soldering coppers each, or 

1 or more sealing machines with can-testing baths, 

the number depending on type and capacity of 
machine used. 
2000 wooden trays holding 24 16-ounce cans each. 

2 sterilizers, capacity 75 to 100 cases each, com- 

plete with iron trays. 

1 double shaker. 

2 trucks. 

JbABVLJXQ AVD PACXZVa DSPABTlIBirr 

2 labeling machines with casers 
2 nailing machines. 
. 2 trucks. 

TBsmra boom 

2 24-bottle Babcock testers, with one gross of stand- 
ard milk test bottles and accessories, complete. 
Equipment for chemical and bacteriológica! analyses 
of milk, milk products and sugar. 


Usual equipment. 


Usual equipment. 


^ Not needed if weH room Is equlpped with largre holding tanks. 
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OTSRKBAS 8XOXAOB BOOIK 

1 50,00D-gallon water tank. This tank ¡s preferably 

located outside of factory. 
1 4-beam platform scale for sugar. 


1 gasoline gas generator (complete), necded ¡n ab- 
sence of access to natural gas or municipal gas. 

1 15-ton ammonia compressor, with ammonia and 
brine pipe Unes, circul^ting pump and brine 
tank. 


Needed in case cans are manufactured at the factory. 
2 squaring shears. 
2 body cutting machines. 
2 lock seamers. 
6 presses. 

2 crimping machines. 
2 soldering floats. 
1 can tester with vacuum pnmp. 
1 can wiper. 
1 lathe with tools. 
1 gasoline gas generator, complete. 
1 25 H. P. engine or motor. 
200 can crates. 

Economic Arrangemcnt of Machinery. — In the arrangement 
and connection of the' machinerv, eeonomv of manufacture and 
sanitation of the -product should receive serious consideration. 
The machinery should be so arranged as to reduce to the mini- 
mum the space, pumps, pipes and conveyors needed. Pumps, 
conveyors, pipes and fittings are expensive, and the space saved 
by judicious arrangement of the stationary machinery may be 
used to advantage for other purposes. 

Human muscle is the most expensive form of motive power. 
W^erever muscle can be replaced by machinery and where, by 
intelligent arrangement of the machinery, unnecessary steps and 
handling can be avoided, the cost of manufacture is reduced. 

The matter of insulation of ammonia, brine, steam and water 
pipes is an important item as related to the economy of fuel. 
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For proper and economical insulation the following types of pipe 
covering are recommended : ' 

Ammonia and Bríne Lines. — 
Ist layer of tarred felt. 
2nd layer of 1" thick hair felt. 
3rd layer of tarred felt. 
4th layer of 1" thick hair felt. 
5th layer of tarred felt. 
6th layer of wove-felt paper. 
7th layer of 8-oz. can vas jacket, sewed on. 
8th layer of sizing and one coat of lead and oil p^iint. 

Each. layer of hair felt must be securely wound with twine. 
Each layer of all material should be coated with hot asphalt, 
applied while hot, excepting layers, 6, 7 and 8. 

Special seáis must be made at all flanges and fittings, and 
such flanges and fittings must be insulated independently. This 
arrangement will prevent damage to adjoining coverings, should 
fittings spring leaks. 

Before applying pitch or asphalt, the necessary precautions 
must be taken to have the pipes thoroughly cjry and the asphalt 
or pitch must be hot. 

Steam Lines. — Air cell asbestos covering, or covering of 
equal insulating and lasting quality, one inch thick on pipes, 
and fittings, to be built up of asbestos cement to a correspond- 
ing thickness; smoothly finished and neatly canvassed, with 
metal bands at 18" intervals. Before putting on the metal bands 
the covering should receive two coats of asbestos cold water 
paint. 

Cold Water Lines. — Covering of wool felt, tar paper lined, 
sectional, one inch thick on pipes; fittings to be built up to a 
corresponding thickness with one inch hair felt, the entire line 
should be neatly finished with a graded mixture of Portland 
cement and asbestos cement, and canvas-jacketed and equipped 
with metal bands at 18" intervals. Before putting on the metal 
bands, the covering should receive two coats of asbestos cold 
water paint. 

Sanitary Arrangement of Machinery. — Milk pumps, milk 
pipes, milk troughs and other milk conveyors are, at best, ene- 
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mies of sanitation. They should be avoided wherever possible. 
The gravity system of conveying milk should be used in pref- 
erence to the pumpíng system. Milk pipes should be short and 
accessible ; all vats sould be of sanitary construction ; wooden 
jackets should not be tolerated; all seams in the vats and keit- 
tles should be well flushed with solder; milk pumps should be 
brass lined; all milk pipes should be of black iron pipe made 
smooth on the inside by sandblasting, or of galvanized iron or 
copper heavily tinned over on the inside; long lines of ihilk 
pipes should be equipped with unions at short distantes ; cr.osses 
or sanitary couplings should be used in place of elbows, in 
order to render all sections of the milk pipes easily accessible 
to flue brushes. 

ClIAPTER III. 

MILK SUPPLY. 

Basis of Buying Milk. — The prices which the condensery 
pays the patrons are not usually governed by any board of trade. 
They do* not even necessarily follow the quotations of the but- 
ter and cheese market, though they naturally beár a more or less 
definite relation to them. In normal times condensery prices 
average from about twenty to fifty cents higher per hundred 
pounds of milk than those paid by creameries and cheese fae- 
tones. 

The relation between condensery prices on the one hand 
and creamery and cheese factory prices on the other, varies prin- 
cipally with the market demand for the finished product and, 
the season of the year. 

The greater the demand and the brisker the market for 
condensed milk, the greater usually is the difference in price 
for whole milk. Thus, during the w^ar the export demand for 
condensed milk was very great. This resulted in an extreme 
rise of prices which condenseries offered for milk over those 
paid by creameries and cheese factories, at least in so far as 
exportation \vas not too greatly Hmited by shortage in shipping 
facilities. 

It is customary for the condenseries to pay the highest dif- 
ferential over and above creamery and cheese factory prices in 
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winter, during the time of low supply, and to drop prices very 
cióse te those of creameries and cheese factories in summer, 
during the flush of the mílk producing season. Nardin^, assem- 
bled comparative milk prices paid by condenseries and cream- 
eries and cheese factories in the foiir main condensed milk-pro- 
ducing sections of this conntry, Illinois, New York and Penn- 
sylvania, Wisconsin, and the Pacific Coast States, for the y^ars 
1914 to 1918 inclusive. These prices have been summarized in 
the ifollowing table. They show that in some instances condensery 
prices exceeded creamery and cheese factory prices by over one 
dollar, while there were times in summer when condensery prices 
even dropped slightly below creamery and cheese factory prices. 

Formerly condensery prices were announced by the respect- 
ive concerns from three to six months in advance. Of late 
years this practice has been more and more abandoned and quo- 
tations are issued in advance for one month only. The Midwest 
Milk Manufacturers, representing the milk dealers, market milk 
plants and condenseries in the Chicago milk district and the 
middle western states, confer on the price to be paid for milk 
for the succeeding month, toward the cióse of the preceding 
month, and announce these prices for the coming month. 

Generally speaking, and as Nardin points out, "the price 
in Illinois is subject to prices of fresh milk distributed in Cj;ii- 
cago and St. Louis. Prices in New York and Pennsylvania 
have been subject to the influences of the New York Dairymen's 
League, and the price of fresh milk for distribution in the City 
of New York. The Wisconsin price is most largely influenced 
by butter and cheese prices. The Pacific Coast is, on accovmt 
of freight rates, somewhat isolated from the rest of the coun- 
try, and the production of evaporated milk on the coast has been 
larger in proper to the demands for fresh milk for distribu- 
tion in coast territory, than perhaps in any other part of the 
country.'' 

The milk condenseries, as a whole, have been slow in adopt- 
ing the butterfat content of milk as their basis for payment. 
Even up to a few years ago most condenseries were paying 
for the milk on the one hundred weight basis and some factories 


^ Kardln, Wm. T., Memorándum on Federal Trade Investliration of Milk 
Manufacturers, 1918. 


MlIvK SUPPI.Y 


45 


Comparíson of Whole Milk Pnces Paid by Milk Condenseríes in 
the Four Large Condensing Territories in the United States, 
with Whole Milk Valúes Based on Market Pnces of Butter 

and Cheese. 


Sections of Country 
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1914 













lUInoii: 













Mean condensery price . 
Valué in butter ¿ cheese 

1.96 

1.87 

1.72 

1.52 

1.31 

1.22 

1.45 

1.66 

1.60 

1.77 

1.79 

1.82 

1.34 

1.27 

1.25 

1.17 

1.14 

1.12 

1.10 

1.19 

1.17 

1.15 

1.21 

1.21 

N«w Tork ftnd 













PennsylTftnU: 













Mean condensery price . 
Valué in butter A cheese 

1.96 

1.76 

1.73 

1.41 

1.24 

1.19 

1.35 

1.50 

1.64 

1.89 

2.01 

1.90 

1.34 

1.27 

1.25 

1.17 

1.14 

1.12 

1.10 

1.19 

1.17 

1.16 

1.21 

1.21 

Wlseonsin: 













Mean condensery price . 
Valué in butter ¿ cheese 

1.87 

1.82 

1.79 

1.62 

1.40 

1.28 

1.43 

1.47 

1.50 

1.72 

1.77 

1.80 

1.34 

1.27 

1.25 

1.17 

1.14 

1.12 

1.10 

1.19 

1.17 

1.15 

1.21 

1.21 

Pacific CoMt: 













Mean condenserv pnce . 
Valué in butter a cheese 

1.73 

1.69 

1.66 

1.68 

1.42 

1.45 

1.51 

1.65 

1.74 

1.69 

1.71 

1.61 

1.34 

1.27 

1.25 

1.17 

1.14 

1.12 

1.10 

1.19 

1.17 

1.16 

1.21 

1.21 

1916 













Illinois: 













Mean condensery price . 
Valué in butter a cheese 

1.85 

1.83 

1.72 

1.51 

1.27 

1.20 

1.35 

1.47 

1.60 

1.66 

1.77 

1.81 

1.25 

1.26 

1.19 

1.21 

1.20 

1.15 

1.10 

1.03 

1.07 

1.13 

1.24 

1.40 

Hcw Tork snd 













PcimiylTania: 













Mean condensery price . 
Valué in butter « cheese 

1.96 

1.75 

1.72 

1.41 

1.19 

1.15 

1.30 

1.62 

1.61 

1.87 

2.00 

2.05 

1.25 

1.26 

1.19 

1.21 

1.20 

1.15 

1.10 

1.03 

1.07 

1.13 

1.24 

1.40 

Wiscontin: 










V 



Mean condensery price . 
Valué in butter « cheese 

1.82 

1.82 

1.70 

1.46 

1.30 

1.22 

1.40 

1.43 

•1.48 

1.65 

1.74 

1.72 

1.25 

1.26 

1.19 

1.21 

1.20 

1.15 

1.10 

1.03 

1.07 

1.13 

1.24 

1.40 

Pacific GoMt: 













Mean condensery price . 
Valué in butter « cheese 

1.51 

1.51 

1.35 

1.30 

1.22 

1.29 

1.38 

1.39 

1.41 

1.60 

1.64 

1.69 

1.25 

1.26 

1.19 

1.21 

1.20 

1.15 

1.10 

1.03 

1.07 

1.13 

1.24 

1.40 

1916 













niinoisí 













Mean condensery price . 
Vidue in butter « cheese 

1.82 

1.74 

1.63 

1.64 

1.46 

1.34 

1.52 

1.67 

1.67 

1.98 

2.12 

2.26 

1.37 

1.42 

1.46 

1.42 

1.27 

1.21 

1.18 

1.28 

1.47 

1.67 

1.87 

1.86 

New Tork and 













Pcnntylyania: 













Mean condensery price . 
Valué in butter « cheese 

1.94 

1.93 

1.74 

1.50 

1.36 

1.27 

1.43 

1.62 

1.80 

2.42 

2.53 

2.57 

1.37 

1.42 

1.46 

1.42 

1.27 

1.21 

1.18 

1.28 

1.47 

1.57 

1.87 

1.86 

Wisconsin: 













Mean condensery price . 
Valué in butter a cheese 

1.78 

1.72 

1.69 

1.67 

1.52 

1.42 

1.50 

1.60 

1.67 

1.96 

2.15 

2.35 

1.37 

1.42 

1.46 

1.42 

1.27 

1.21 

1.18 

1.28 

1.47 

1.57 

1.87 

1.86 

Pacific Coaat: 













Mean condensery price . 
Valué in butter « cheese 

1.65 

1.66 

1.64 

1.53 

1.52 

1.47 

1.52 

1.62 

1.69 

1.80 

1.92 

1.98 

1.37 

1.42 

1.46 

1.42 

1.27 

1.21 

1.18 

1.28 

1.47 

1.57 

1.87 

1.86 

1917 













Illinois: 

. 












Mean condensery price . 
Valué in butter a cheese 

2.25 

2.12 

2.05 

2.37 

2.13 

1.92 

2.20 

2.38 

2.62 

3.00 

3.18 

3.28 

1.76 

1.84 

1.99 

2.04 

2.02 

1.88 

1.93 

2.01 

2.21 

2.19 

2.14 

2.19 

Nsw Tork and 













PsnnsylTania: 













Mean condensery price . 
Valué in butter A cheese 

2.49 

2.44 

2.32 

2.24 

2.21 

2.12 

2.39 

2.83 

2.91 

3.00 

3.77 

3.62 

1.76 

1.84 

1.99 

2.04 

2.02 

1.88 

1.93 

2.01 

2.21 

2.19 

2.14 

2.19 

Wisconsin: 













Mean condensery price . 
Valué in butter & cheese 

2.36 

2.25 

2.12 

2.29 

2.21 

1.93 

2.27 

2.46 

2.43 

3.19 

3.32 

3.22 

1.76 

1.84 

1.99 

2.04 

2.02 

1.88 

1.93 

2.01 

2.21 

2.19 

2.14 

2.19 

Pacific Coast: 













Mean condensery price . 
Valué in butter A cheese 

2.06 

2.01 

2.02 

2.09 

2.14 

2.19 

2.32 

2.27 

2.58 

2.67 

2.67 

2.81 

1.76 

1.84 

1.99 

2.04 

2.02 

1.88 

1.93 

2.01 

2.21 

2.19 

2.14 

2.19 

1918 













Illinois: 













Mean condensery price . 
Valué in butter & cheese 

3.28 

3.15 

2.95 

2.67 

2.10 

1.90 

2.32 

2.80 

2.98 

3.42 

3.74 

3.83 

2.24 

2.40 

2.16 

2.00 

2.01 

2.01 

2.11 

2.19 

2.48 

2.78 

2.77 

3.09 

Nsw Tork and 













PsnnsylTania: 













Mean condensery price . 
Valué in butter « cheess 

3.90 

3.68 

3.40 

2.65 

2.61 

2.00 

2.29 

2.85 

3.16 

3.78 

3.96 

4.17 

2.24 

2.40 

2.16 

2.00 

2.01 

2.01 

2.15 

2.19 

2.48 

2.78 

2.77 

3.09 

Wisconsin: 













Mean condensery price . 

3.28 

3.13 

2.88 

2.69 

2.21 

2.07 

2.32 

2.80 

2.98 

3.40 

3.74 

3.84 

Valué in butter ¿ cheese 

2.24 

2.40 

2.16 

2.00 

2.01 

2.01 

2.16 

2.19 

2.48 

2.78 

2.77 

3.09 

Pacific Coast: 













Mean condensery price . 
Valué in butter « cheese 

2.84 

2.81 

2.66 

2.35 

2.27 

2.28 

2.60 

2.81 

3.12 

3.30 

3.41 

3.61 

2.24 

2.40 

2.16 

2.00 

2.01 

2.01 

2.15 

2.19 

2.48 

2.78 

2.77 

3.09 
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were still clinging to the custom of biiying milk by the quart, 
using the yardstíck for remnant cans. Other faetones paid a 
stated price per hundred weight for all milk testing say 4 per 
cent fat and over and made corresponding reductions for milk 
containing less than 4 per cent fat. vStill others paid a premiun) 
for milk testing above 4 per cent fat. A few concerns only 
bought milk on the straight butterfat basis. 

As far as the condensery is concerned it is entirely feasible 
to pay for all milk strictly on the butterfat basis. Milk rich in 
fat, and therefore rich in solids, yields more condensed milk than 
milk poor in fat. To pay by the hundred weight, regardless of 
quality is a practice which discriminates in favor of breeds of 
low-testing milk and against breeds of high-testing milk. This 
practice has, in fact, had the result that in the milk supply ter- 
ritory of these condenseries the breeds and individuáis of cows 
producing low-testing milk were encouraged and developed until 
they largely predominated, at the expense of breeds of cows pro- 
ducing high-tjesting milk. This situation in turn was responsible 
for the popular, though erroneous impression, that milk from the 
Holstein, Ayrshire and Brown Swiss breeds is better suited for 
milk condensing purposes than milk from the Channel Island 
breeds. 

Within the last half decade, during which the condensed 
milk industry has experienced so great a development, the great 
majority of American condenseries have abandoned their oíd 
way of paying for milk by volume, or weight .only. Many con- 
densing concerns are now buying their milk on the straight but- 
terfat basis and nearly all of the other condenseries pay for their 
milk on the basis of a standard fat content, penalizing the farmer 
by lower prices for milk that falls below a specified per cent 
of fat, and giving him a bonus for milk in which the per cent 
of fat is over the standard figure specified. Thus for example 
the price quoted may apply to 100 Ibs. of 3.5 per cent milk with 
an added diflPerential of say 4 cents for each one tenth per cent 
fat above 3.5 per cent and a deducted diíTerential of 4 cents for 
each tenth per cent fat below 3.5 per cent. 

In countries where one breed overwhelmingly predominates 
or where the predominating breeds all yield miljc of similar rich- 
ness and where the freshening of the majority of cows is fairly 
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'evenly distributed over the tweive montlis of the year, the milk 

generally contmnes to be bought on the basis of its weight or 

voliime, and not by test. Under these conditions the objection 

of not paying on the butterfat basis Í3, iii part at least, removed, 

The great bulk of the mílk snpply reaches the condensery 

by wagón or by motor truck. Usiially part of the cost of trans- 

portation is borne by the factory and 

part by the íarmer. Some milk con- 

densing concerne opérate concentration 

points to which the milk ¡3 hauled by 

the patrons, and from which it is hauled 

to the factory m large glass-Hned tanks 

n^, 8. mounted on motor trucks. Shipments 

by rail are !ess common in this country, 

the nncertainty of rail transportation, 

with ■}t:i frequent delays, jeopardizes 

courtesy oCThePfaudiarCo. the qualíty of the mük. Payments for 

the milk are generally made monthly. 

Quality. — The qualíty of the fresh milk is the first and most 

important factor to be considcred. The milk condensing factory, 

ignoring this fact and accepting milk from unsanitary dairiés 

and careless dairymen. ¡s boimd to pay the penaity for such 

negiect sooner or later. 

Polliited mük and milk that has not been cooled promptly 
and to a reasonably low temperature on the farm, may pass 
throngh the process succcssfully, if it is not too sour. TTie con- 
densed milk made from it, thorgh, is inferior in flavor and keep- 
ing quality, and usuaüy shows 3igns- of deterioration and decay 
before it reaches the consumor. The risk of handling such milk 
is very great ; it may resiilt in total loss to the manufacturer. 
The trouble may and often does begin before the process is com- 
pleted. Unclean, abnormal, or partly fermented mük, when sub- 
jected to the process, is prone to curdle and whey off; the con- 
densed mÜk becomes lumpy and shows other defects. This is 
especially true where superheating is practiced and where evap- 
orated milk is made. 

Milk that has received the best of care on the farm may be 
detrimental to the ínterests of the condensery. if it comes from 
cows less than thirty days before their parturition, or from fresh 
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cowfl within the first scven days after calving, or from cows' 
othcrwise in abnormal condítion. Such milk is often abnormal 
ín its Chemical propertics, and, when subjected to high tempera- 
tures, undergoe$ changes that make its manufacture into a mar- 
ketable condensed milk diflicult. 

Control of Quality. — Every well managed milk condensing 
factory plays the part of an educator in the production of sani- 
tary milk. The condensery usually issues a set of rules, setting 
forth specifícally the conditions under which the milk coming 
to the factory shall, or shall not be produced. Copies of these 
rules, which are generally a part of the contract, are placed in 
the hands of all patrons. The condensery employs one or more 
dairy inspectors whose business it is to see that the rules are 
rigidly enforced. These rules cover, in general, the foUowing 
principal points: 

1. Cows. — The milk must come from healthy cows. Milk 
from cows that are diseased, or that have a diseased udder, or 
that are otherwise in poor physical condition, will be rejected. 

2. Feed and Water. — Do not feed weeds, roots, or other fecd 
stuffs possessing strong and obnoxious odors, such as onions, 
garlic, turnipS; cabbage, wet distillery slops, deeayed, musty or 
sour silage, or other fermented feed. 

3. Lactation Period.— Reject all milk from cows less than 
thirty days before, and of the first seven days after calving. 

4. Milkers and Milking. — Milk with clean, dry hands into 
clean utensils and remove the milk to the milk room immediately 
after drawn. 

5. Straining. — Strain the milk in the milk room through a 
fine wire mesh strainer (80 to 100 meshes to the inch). Do r\ot 
use cloth strainers. 

6. Cooling. — Cool the milk to 60 degrees F. or below and 
keep it at that temperature until it reaches the factory. Do not 
mix the warm morning's milk with the cold night's milk; cool 
the morning's milk before mixing, or send it to the factory in 
sepárate cans. 

7. Care of Utensils. — -Rinse with cold water, wash with 
warm water and washing powder, and rinse with boiling water 
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all mílk utensils thoroughly after use ; keep them in a clean place 
between milkings. Do not store the milk on the farm in cans 
that have not been washed by the factory. 

8. Stables. — Whitewash the stable twice every year and re- 
move manure daily. (Some condenseries fiirnish spray pumps 
for applying whitewash.) 

Inspectíon of Milk at the Condensery. — At the condensery 
the milk is sitbjected to rigid inspection by a man who is, or 
should be, an expert on milk inspection ; every can is examined. 
Warm milk and milk that is tainted, or smells slightly sour 
should be rejected. 

Inspection of Milk by Sense of Smell and Taste. — In most 
cases the milk is inspected with reference to odor. The inspector 
quickly raises the cover of each can to his nostrils. The odor in 
the cover is typical of that in the can. If it is "off," the canis 
rejected. An experienced man on the platform can, by the use 
of this method, tell with much accuracy, whether the milk should 
pass or not. 

Inspection of Milk According to its Temperature. — The 
temperature is also noted. This need not be done with the ther- 
mometer in each case. By placing his hand on the body of the 
can, or by noting the warmth of the air and odor in the cover 
immediately after removing it, or by the presence or absence of 
small particles of butter floating on the surface of the milk, the 
inspector can readily tell if the milk has or has not been properly 
cooled. A correct thermometer should always be on the plat- 
form for guidance. 

Inspection of Milk by the Use of Acid Tests. — Sirice the 
degree of acidity, or the sweetness of the milk, is one of the 
chief factors that determines its fitness for condensing purposes, 
tests that rapidly and accurately determine the per cent of lac- 
tic acid in the fresh milk, are of great service. 

Some concerns have adopted a definite acid standard of milk, 
rejecting all milk containing more than the máximum per cent 
of acid of their standard, and they test every can of milk received 
with an acid test. This method insures sweet milk in the fac- 
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tory, provided that the alkaline solutions used are correct. Thís 
work involves considerable expense, however, and unless the 
solution is carefully prepared and made up fresh often, its use 
may yield misleading results. Again, w^hen the acid test is per- 
formed on the milk of each can, the acceptance or rejection of 
the milk depends altogether on the per cent of acid it coñtains. 
Although milk may be otherwise unfit for use, it will pass, as 
long as it is low in acidity. Experience has shown that, while 
it is necessary for the condensery to decide on a máximum acid- 
ity of milk above which all milk be rejected, the nose and the 
palate of the experienced inspector are better criterions tnan 
the acid test alone, as to the fitness of milk for condensing. Acid 
tests are valuable in the case of uncertainty and suspicion as 
to the quality of any given can of milk. All milk containing .18 
per cent lactic acid or more is dangerous for condensing pur- 
poses. 

Acid Test for Daily Use, Where Each Can of Milk is Tested. 

Stock Solution. — ^Weigh out two hundred grams of sodium 
hydrate C. P. and add distilled water to make up one liter. 
Keep tightly stoppered. 

Solution for Daily Use. — Mix 4 ce. of stock solution with 
991 ce. of distilled water, and add 5 ce. of phenolphthalein indi- 
cator. The indicator is prepared as follows: dissolve one gram 
of dry phenolphthalein in 100 ce of 50 per cent alcolíol. Each 
cubic centimeter of the prepared alkaline solution neutralizes 
.01 per cent lactic acid, 18 ce of the prepared solution, there- 
fore, neutralize .18 per cent lactic acid, when a 17.6 ce pipette 
is used for measuring out the milk. 

Making the Test. — With the Babcock pipette, measure 17.6 
ce into á white cup. With a small dipper, holding exactly 18 
ce, pour 18 ce of the prepared solution into the cup; stir or 
shake. If the mixture remains faintly pink, it contains less than 
.18 per cent acid and will pass; if it turns white, it contains more 
than .18 per cent acid and should be rejected or subjected to addi- 
tional tests. 

The stock solution should be standardized by a chemist. 
The prepared solution should be made up daily. Both solutions 
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should be kept in glass bottles, tightly corked. The bottle con- 
taining the stock solution should be glass-stoppered. 

The Boiling Test. — Inspection by Heating. The heating to 
the boiling point of saniples of suspicións milk furnishes a most 
reliable means to determine the fitness of such milk for condens- 
ing. In many instantes milk may satisfactorily pass the other 
tests and yet it may not be in condition to stand the heat to 
which it will'be subjected in the process. If it curdles, when 
boiled, it is obviously iinfit for use. This test shows more than 
the acid test above. By its use the operator is able to detect 
milk othervvise abnormal, such as milk containing colostrum, etc., 
or the proteids of which are unstable for other reasons. 

Making the Test. — The boiling test is simple and can be 
manipulated rapidly. A sample of the questionable milk is taken 
into a small dipper. The dipper is held up against a steam jet 
turned down intb the milk. Direct steam is turned into the 
milk until it comes to a boil. If flakes or specks of curd cling 
to the sides of the dipper, the milk is unfit for use. 

An alcohol lamp or gas burner on the platform may be used 
for heating the sample. In this case a few cubíc centimeters 
of the milk are discharged with an ordinary pipette into an ordi- 
nary test tube, such as are in common use in the chemical labo- 
ratory and can be obtained from the drug store. The tube is 
held over the flame arrd the milk comes to a boil in less than 
a minute. If the milk is in good condition the sides of the glass 
tube remain perfectly clear. If it curdles upon heating, the sides 
of the tube show fine specks of the curd. The appearance of 
these specks condemns the milk. 

In the case of milk intended for evaporated milk, the boiling 
test is not sufficiently severe to reveal the fitness of the milk; 
for the sterilizing process. For the reliable detection of unde- 
sirable milk for this purpose, the use of the pilot sterilizer or test 
sterilizer is recommended. Suspkious samples of milk are filled 
into tins, the tins are sealed and placed into the pilot sterilizer 
where they are given the same process of sterilization as is 
used for the finished product. Milk that withstands this sterili- 
zation can be depended upon to also pass safely through the 
process of manufacture. Milk that curdles in this test steriliza- 
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tion obviously shows its unfitñcss, the cause oí which should be 
promptly investigated and removed. 
Fig. 9. 

The Sediment Test.— This 
test shows the relative amoutit of 
dirt pre?ent in milk. One-half 
pint is passed through a small cir- 
cle of absorbent cottoii and the 
amount of mechanical ímpuríties 
present in the milk is indícated by 
the color of the cotton after filtra- 
tion. In order to hasten the filtra- 
tion, the milk is forced through 
the filter under slight pressure; 
this is accomplished by a nibber 
bulb attachment to the apparatus, 
as shown in the accompanying 
Fig. 9. . , - 


Tlff. 10. CDtt«a mtara 
<niu mu Dirtr mllk 

If the cotton retains a white or creamy color, the mitk is 
relatively free from filth. Milk prodiiced under unsanitary con- 
ditions stains the cotton brown or black. 

These coíton filters may be pasted on a sheet of paper similar 
to a milk sheet, arranged so that the circles are placed opposite 
the respective patron's nanie or number, When shown to the 
patrons who come to the factory, they furnish a most effective 
object lesson to them. When the milk reaches the factory on 
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route wagons or by rail, cards similar to. P'igure 11 may be 
mailed to the patrons. The evidence is so conclusive that even 
the niost obstínate patrón cannot help admitting- his guilt and 
can usually be induced to "clean iip." • 


MILK CONDENSING COMPANY 

8EDIMENT CARD 

Ñame 

/ \ 

/ \ 

/ \ 

1 V 

THI« l« THK AMOUNT OF DIRT IN 
ONK PINT or YOUR MIUC 

Address 

Date 

NO. 


Fiir. 11 

Fcrmentation Tests. — ^These tests are of great valué in the 
rapid determination of the kind of bacteria with which the milk 
from individual patrons is contaminated. Glass tubes are fiUed 
one-half full of milk from each patrón. These tubes are set in 
a constant water bath at 100 degrees F. and the changes which 
milk undergoes are noted after six, twelve and twenty-four hours. 

A solid curd with a clear whey indicates that lactic acid 
bacteria are the chief organisms and that the milk has been 
produced tinder cleanl}^ conditions. These organisms are killed 
when the milk is heated in the hot wells. Such milk therefore 
is safe, unless it contains excessive acid, as shown by acid test. 

A curd with gas holes, or that which is torn to pieces in the 
tubes, shows the presence of gas-producing germs. These come 
largely from manure and other filth. Among these are Bacillus 
coli communis, the natural inhabitant of the colon of the animal, 
and butyric acid organisms which are spore bearers. The latter 
especially may give rise to serious milk defects, causing "swell 
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heads." Patrons sanding siich milk should be looked after at 
once. 

If the ciird dissolves, or no curd is formed and the milk ' 
changes into a transpvent liqíiid, it usually is contaminated by 
germs from the dnst of hay and bedding, or polluted water. To 
this class of organisms belong BaciUus subtilis, Bacillus fluores- 
cens liquifaciens, Plectridiiim foetidnm, Bacillus putrificus, etc. 
Some of these are violent gas producers and most of them are 
spore-bearers. They are the cause of the most disastrous milk 
defects. Dairies from which such milk comes should be vigor- 
ously inspected and all milk from them should be rejected, until 
the patrons have learned how to furnish sanitary milk. 

Milk that remains unchanged for twenty-four hours when 
subjected to the fermentation test, suggests that it contains some 
preservative. It is possible, however, for milk produced under 
ideally sanitary conditions to remain normal and unchanged even 
at these high temperatures for several days. Where milk comes 
to the factory in bulk as is the case in the condensery, samples 
showing abnormal keeping quality should be regarded with sus- 
picion, and the respective dairies should receive immediate and 
thorough inspection. 

Tests for Butterfat and Specific Gravity. — In the factories 
where the milk is not paid for on the butterfat basis, composite 
samples should be taken daily, to be tested for fat and specific 
gravity, at regular intervals of from two to four weeks, in order 
to detect possibie adulterations by skimming or by the addition 
of water. For specific directions for the Babcock test," the use of 
the lactometer and tests for preservatives see Chapter XXX 
"Chemical Tests and Analyses of Milk and Milk Products.'' 

FACTORY SANITATION. 

In the previous paragraphs, special emphasis was placed on 
the great importance of a good quality of fresh milk. It is equally 
essential that the factory be kept in exemplary condition as to 
cleanliness and sanitation. This is necessary because of its effect 
on the ; patrons and on the wholesomeness and marketable prop- 
erty of the finished product. 

Effect on Patrons. — It does not take the watchful eye of the 
intelligent patrón, who daily comes to the factory, very long to 
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learn, whether the manufacturer gives his milk as good care as 
he gave it on the farm. A good example set by the factory will 
mean much toward ¡nstilling the patrón with ambition to do 
likewise on the farm. Shiftlessness is a contagious disease, to 
which the average farmer is very susceptible. It is, therefore, 
inconsistent for the factory to issue and enforce rules of sanitation 
for the dairy farmer when, within its own walls, all principies 
of sanitation are violated. 

Effect on Wholesomeness of the Product. — Uncleanliness 
and filth interfere with the wholesomeness of the product. Con- 
densed milk made in a factory ignoring sanitation, may contain 
certain products of decay which are poisonous to the human 
system. Again, it may contain germs of infectious diseases and 
thus become the cause of vvidespread epidemics of these diseases 
and possibly claim many victims. As a matter of common decency 
and of duty to the commonwealth, the condensery should pay 
cióse attention to cleanliness in all operations. 

Effect on the Marketable Property of the Product. — Again, 
uncleanliness in the factory is bound to bring financially dis- 
astrous results. The seriousness of the disaster is greatly aug- 
mented by the fact that the consequences of neglect are usually 
not apparent until after the goods have reached the market. The 
pollution of condensad milk with inipurities and filth in the 
factory, shortens the life of the product Such condensad milk 
is of very poor keeping quality. It may reach the market and the 
consumer in condition that causes it to be rejected, resulting in 
a complete loss to the manufacturer. The manufacturer allowing 
such conditions to exist, is usually the last man to realize and 
admit that he is at fault, which renders attempts to lócate and 
stop such defects exceedingly difficult. Furthermore, instead 
of helping to build up the trade and to advertise the brand, he 
demoralizes it. 

How to Keep Factory in Sanitary Condition. — Cleanliness 
in the factory is absolutely essential. The milk vats should be 
rinsed with plenty of water and scrubbed and steamed thor- 
oughly, as soon as possible after use. The copper kettles and 
vacuum pans should be rinsed, then scoured with sandpaper or 
emery cloth, then rinsed and steamed thoroughly. The milk 
pipes should be scoured by running flue brushes through, flush- 
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ing them with clean water and steaniing them until they are 
scalding hot. In the case of milk pipes oí excessive length, they 
should be well flushed with hot alkaline water. Milk pumps 
should be taken apart every day and freed thoroughly from all 
remnants of milk. The water in the cooling tanks should be 
changed as often as is necessary to insnre clean water in them 
at all times. The homogenizer should receive special attention, 
all its valves should be thoroughly cleaned and steamed daily. 
The cooling coils should be scalded before use. The filling 
machines for evaporated milk should be freed from all milk, 
rinsed and steamed thoroughly and no remnants of milk should 
be allowed to stick to the valves. The filling machines for 
sweetened condensed milk should be emptied and completely 
washed, at least once per week, and protected from dust and flies 
by covering them when not in use. The tin cans should be stored 
in a clean room and every precaution should be taken to guard 
against their defilement from dirt, dust, insects and mice. Where 
possible they should be sterilized before use. 

All vats, kettles, milk conveyors, vacuum pans, milk pumps, 
and all machinery coming in contact with milk, should be flushed 
and steamed again in the morning, as soon as the condensery 
opens. The sugar chute should be kept clean, care being taken 
that no damp or wet sugar reniains in it. Special attention should 
be given to the washing of the farmers' cans. After washing 
with brush and hot water containing some good washing powder, 
they should be thoroughly rinsed, then steamed until they are 
hot. If possible they should be dried by an air blast. 

^he floors and walls of the factory should be kept in sanitary 
condition. Accumulated rubbish should be removed and sewers 
and drains should be disinfected at regular intervals. 

Can Washing. — Another extremely important, and often 
woefully neglected feature, relating to the effective management 
of the patrón from the standpoint of high quality of milk, is the 
condition of the milk cans which the factory returns to the patrón. 

The patrón is bound to lose his intcriest in taking painstaking 
care of his milk when the cans returned to him by the factory are 
filthy and foul-smelling. Ñor need the factory expect the milk, 
it receives in such cans, to be either of high quality for condens- 
ing or wholesome. And yet an astounding proportion of con- 
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densery cans reach the farmer iii condition. unfit fo receive and 
ship milk in. 

Proper can washing consistí of four essential operations, 
naniely, washing, rinsing, steaming and drying. 

The cans should be washed untii all i-eninants oí milk are 
removed. Tiiey should be rinsed with hot water imtÜ all of the 
dirty wash water is flushed out. They sliould be steamed uiitil 
"piping-hot," and they should be dried iintil "bone-dry." 

Thcre is now admirable eqiiipmeni avaiiable on the market 
for acconiplisbinjT these four important piirposes, affording; ade- 
qiiate facilities to enable tlie coiidensery to return to the patrón 
cans that are clean, sterile and dry. 

Care of Milk in the Factory Prior to Manufacture. — The 
problem of so handling the milk in tbe factory, from tbe time it 
arrives until it is heated preparator}' to evaporation, is an im- 
portant one, that has received miich carefn! consideration by the 
foremost condensed milk men, Since bacteriológica! analyses 
have shown that, under favorable temperature conditions, the 
mjcro-organisms presciit in milk are capable of doubling in 
number once every twenty minutes, it is essential that the milk 
either 5e Heated to high enough temperatnres to restroy germ 
life, or be cooled to a temperatiire low enough to stop growth 
and multiplicat'on, as soon as possible. 

Both practices are feasible, but 

to beat the large volumes of milk that 

arrive at tbe factory, all within a few 

hours, wonld tax the equipment of the 

factory nnder average conditions very 

beaviíy. And uiiless the condensery 

were equipped with very large vacu- 

um pan capacity, much of this heated 

milk would have to lie idle in the 

forewarmers for bours, avaiting its 

riff. la. tiirn for condensation. This would 

B-iM»-ito«d tftnk for oooiing be undesirable and might prove harm- 

muiafactnra ful to the quality of the finished 

Courtesy of The Ptaudler Co. product. 

Efforts have, therefore, been made, especially within recent 
yeárs, to provide a practical and economical method of cooling 
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the milk as soon as it arrives and of holding it at a low tempera- 
ture until ready for heating and condensing. This has led to 
diverse practices, such as running the milk over a surface coil 
cooler into a jacketed tank, or cooling it by running it into a 
large tank equipped with cold air blowers, or cooling the milk in 
large vats equipped with revolving coils, etc. 

One of the later methods for refrigcrating the milk consists 
of the use of large, usually circular, glass enameled steel tanks. 
Thcse tanks are completely surrounded on their sides and bottom 
by a cold water or brine jacket and are equipped with a milk 
distributing device that causes the inflowing milk to be sprayed 
by gravity against the top of the sides of the tank and to per- 
colate in a thin layer down the sides. In this manner the cooling 
is instantaneous, the entire sides of the tank being surrounded 
by the cooling médium. It is aimed. to cool the milk to about 
40 to 45 degrees F. and to hold it at this temperature until ready 
for manufacture. 

These glass enameled tanks have many advantages; they 
minimize the initial cost of the necessary equipment, reducing 
the number of costly vacuum pans, and forewarmers, required; 
they cut down labor cost, because they reduce the equipment to 
fewer pieces to opérate arid to clean ; they are of such construc- 
tion that they are easily and quickly cleaned and readily kept in 
proper sanitary condition, the smooth and pore-free enamel yields 
more readily to the brush than copper surfaces; they avoid all 
possibility of chemical action of the milk on metal and, therefore, 
are a reliable safeguard against the . development of metalHc 
flavor in the milk. 

The use of these large holding tanks also facilitates the 
standardization of the milk for fat and solids not fat. For detailed 
directions on standardizing see Chapter XXIX. 


PART II. 

MANUFACTURE OF SWEETENED 
CONDENSED MILK 

Chaptkr IV. 

DEFINITION. 

Sweetened condensed milk'is cow's milk, condensed at the 
ratio of 214 to 2% parts of fresh milk to 1 part condensed milk. 
It contains considerable qiiantities of sucrose, iisually about 
40 per cent, to preserve it. It is of semi-fliiid consistency and 
reaches the market in hermetically sealed tin cans, varyifig in 
size from eight ounces to one gallón, and in barréis similar to 
glucose barréis, holding from three hundred to se ven hundred 
pounds of condensed milk. When made properly, sweetened 
condensed milk w^ill keep for many months, but is best when 
fresh. 

HEATING. 

Purpose. — The first step in the process is to heat the milk to 
near the boiling point. There are three chief reasons for which 
the milk is heated, namely, to destroy most of the bacteria, yeast, 
molds and other organized and unorganized ferments, to facilitate 
the solution of the sucrose, and to prevent the milk from burning 
on to the heating surface in the vacuum pan. 

Destruction of Ferments. — When the fresh milk arrives at 
the factory it contains micro-organísms in varying numbers and 
of difíerent species. In some cases disease-producing bacteria 
may be present, rendering the milk dangerous to the health and 
life of the consumer, were it not heated to temperatures high 
enough to destroy these germs. Again, milk may contain bac- 
teria, yeast, molds and enzymes that cause it to undergo un- 
desirable fermentations which, if allowed to pass into the con- 
densed milk, may tend to shorten the life and impair the whole- 
someness and marketable properties of the latter. 


60 SwEETENKD Condensad Milk — Heating 

Solution of Sucrose. — It is very essential that all the cañe 
sugar which is added to the milk be completely dissolved, in 
order to lessen the tendency of the sugar to form large crystals 
in the finished product. Undissolved sugar crystals in condensed 
milk act in a physical way much as bacteria in fluid milk do in a 
bacteriológica! way. They multiply rapidly, and such condensed 
milk usually precipitates its sugar before the product reaches 
tlie market. The presence of excessively large sugar crystals 
makes the product gritty and causes the formation of a sediment 
in the bottom of the cans; this is objectionable to the consumers. 
When the milk is heated to the proper temperature before con- 
densing, the» solution of the cañe sugar is facilitated and the 
tendency toward grittiness is minimized. 

Prevention of Burning Milk on Heating Surface. — If cold 
milk comes in contact with a steam-heated surface and is not ag^- 
tated vigorously, it bakes or burns onto this heatmg surface. The 
milk in the vacuum pan is heated or kept hot by means of the 
steam jacket and coils. These radiators are charged with steam 
under pressure and consequently give off a high degree of heat. 
If cold milk is drawn into the vacuum pan, the milk remains 
calm for a considerable length of time. During Ihis time it is 
bound to bake or burn on the heating surface, giving the product 
a burnt flavor, causing it to contain brown specks and retarding 
the process of evaporation. If the milk is hot when it enters the 
pan, the reduced pressure in the pan causes it to boil violently at 
once, avoiding all danger of sticking to and burning on the heat- 
ing surface and making possible máximum rapidity of evapora- 
tion. 

Temperature. — In most faetones the milk-is heated to from 
180 degrees F. to 200 degrees F. This temperature is sufficient 
to accomplish the three purposes. Heating the milk to the 
bcíiling point tends to give it a rather pronounced cooked flavor, 
which is objectionable. Ilowever, in the case of danger of con- 
tamination of the milk with resistant types of undesirable bac- 
teria; it may become necessary to practice boiling the milk. 

Manner of Heating. — Thorough, effícient and rapid heating 
of large volumes of milk to temperatures near the boiling point 
is a problem that requires careful consideration. The tendency 
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of the milk to stick to the heating surface is a permanent obstacle 
and efforts to overeóme this frequently resiilt in sacrificing thor- 
oughness of heating. 

A variety of methods and numerous different types of ma- 
chines are used for this piirpose in the different mílk condensing 
faetones. Some use large copper kettles in which the milk is 
heated by turning st^am direct into the milk. Others use jacketed 
copper kettles equipped with a revolving agitator. The milk is 
heated by turning stcam under 
pressure into the jacket and the 
burning of the milk is prevented by 
keeping the milk in constant motion. 
In this case the milk is usually 
heate.d to about 170 degrees F. by 
the jacket and from there on the 
temperature is raised to that desired, 
by turning steam direct ¡nto the hot 
milk. StÜl others are heating the 
milk by means of large continuous 
pasteurizers in which case hot water 
or steam serves as the heating medi- 
^*" uní. The milk passes ín a thin layer 

Th. btt w«i or fo>*w«mw between two water-heated surfaces. 
one of which Is revolvmg. In some 
factories the milk is forced through a series of pipes inclosed in 
a hot water or steam jacket. 

Finally, ín some condenseries a combination of the con- 
tinuous pasteurizer and the plain or jacketed kettie is used. The 
milk is heated to nearly the desired temperature in the pasteur- 
izer, From there it flows into the kettie, where the heating is 
completed, This method insiires efficient heating and, at the 
same time, if operated properly. it prevents scorching of the 
milk on the heating surface. 

Advantages and Disadvantages of Different Methods of 
Heating. — In most factories in this country the first named. 
method is used. Steam is turned direct into the milk until it 
boils up. This is the oldest and most primittve method. While 
very simple in operation, this method has some objections. At 
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hest, much oí the steam iised condenses in the milk, im 
ttip amount of water that has to be evaporated. It, therefore, 
pro'.ongs the process of condensing and increases the cost of 
manufacture. This is especially true where the boilers are 
located at some distance from the hot wells and the steam pipes 
are not we'l insulated, caiising the steam to be'"wet," and when 
the miik to be heated is cold. It is estim^ted that the amount 
of extraneous water thus added to the milk increases the bulk 
of the milk by about one-sixtli oí its original volume. The steam 
is often associated with impurities, such as cylinder oi! írom 
the engine, boíler compounds used in the boilers, scales from the 
insiJe of the pipes, etc. These varioiis impurities cannot possbily 
improve, but may seriously injure the quality oí the milk. It is 
generally conceded by those who have given this matter careful 
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thought, that the turning of steam direct into the milk shortens 
the life of the product and causes it to develop a stale flavor, 
which may degenerate into an oily flavor. The same defect is 
noted also when cream is heated by turning steam into it. The 
prolonged exposure of the milk to the condensing process, as the 
result of the addition to the milk oí considerable quantities oí 
condensed steam, is an additional objection, 

From the above discussíon it is obvious that the heating oí 
the milk by bringing it in direct contact with free steam has 
some objections, Just to what extent this practice jeopardizes 
the quality has not been very conclusively demonstrated. But 
it is recommended that the heating with direct steam, if it must 
be practised, be confined to the last stages of the heating process, 
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that is, that the milk be heated to pa^teurizing temperature, 
170 degrees F. or thereabout, by the use of a continuous pas- 
teurizer, or a jacketed kettle, or other similar means, and that 
from there on only to the desired temperature, direct steam be 
used. 

ADDITION OF SUGAR. 

Considerable quantities of sucrose are added to the con- 
densed milk for the purpose of preserving it. 

Kinds of Sugar. — In order to convey to the milk preservative 
properties, that kind of sugar must be used which does not readily 
undergo fermentation and which has the power of inhibiting bac- 
terial activity when dissolved in a concentrated solution. Glucose 
coüld be purchased at a very low cost, but it is not suitable for 
this purpose, since it is, in itself, very unstable and fermentable. 
It has no preservative qualities, even in concentrated solutions. 
Sucrose, saccharose, or cañe sugar, CigHgaOu, properly refined, 
ferments with difficulty in concentrated solutions, and has the 
power of retarding the growth of bacteria and other ferments 
ordinarily present in sweetened condensed milk. It is, therefore, 
very satisfactory and useful in this connection. 

Beet sugar, which is chemically indentical with cañe sugar, 
is used in European countries very largely in the place of cañe 
sugar. On the continent the beet sugar industry is an important 
factor. With the climate adapted to the growing of sugar beets 
and the labor relatively cheap, beet sugar can be secured by the 
European condenseries at lower cost than cañe sugar. In America, 
where the annual sugar cañe crop is large and where the high 
cost of labor renders the expense of growing sugar beets relative^ 
ly high, there is practically no difference between the price of 
cañe sugar and beet sugar. When American beet sugar was 
used in the condenseries during the infancy of the beet sugar 
industry, this sugar was found undesirable, often giving rise to 
fermented condensed milk. It was then supposed by the con- 
densed milk men that beet sugar contained very resistant spore- 
bearing bacteria, which followed the beets from the soil into the 
refined sugar. This conclusión is highly improbable, as the 
temperatures and chemicals employed in the process of beet 
sugar making are prohibitive of the passage of living bacteria 
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from the soil to the finished sugar. It is possible, however, that , 
the, standard of refinemenit of American beet sugar, during the 
earlier days of its manufacture, was low and that some of the 
beet sugar on the market may have contained small amounts of 
acid, invert sugar and other impurities, " ¡ngredients of such a 
nature as to render the sugar prone to give rise to fermentation 
and, therefore, condemn its use in the milk condensery. 

Wliile the beet sugar on the market today appears to have 
reached a very high state of refinement and is, according to the 
best authorities, eq[ual in purity to cañe sugar, it is still shunned 
by the American condenseries, which insist that nothing.but 
cañe sugar will do. However, whenever a shortage occurs of the 
sugar cañe crop in the West Indies, raw European beet sugar is 
imported into the United States and it all emerges from our sea- 
board refineries as "puré cañe sugar." It is not improbable, there- 
fore, that the sugar supply of many American condenseries today 
consists at times largely of beet sugar, though it is purchased 
under the ñame of cañe sugar. 

There is no good reason why the best refined beet sugar, 
manufactured today in this country and elsewhere, should not 
give fully as good results for condensing purposes as the same 
quality of cañe sugar. Tests made at the California Agricultural 
Experiment Station^ led to the conclusión that the two kinds 
of sugar, cañe sügar and beet sugar, were equally valúable for 
canning and identical in their behavior when of the same fineness 
of crystallization. 

Beet Sugar Cannot be Dctected from Cañe Sugar. — ^While 
the raw sugar from the two different sources, the sugar cañe 
and the sugar beet, takes on the character of the impurities from 
which it has not yet been freed Cthe raw product of the sugar 
cañe is pleasant in flavor, the raw product from the sugar beet 
is acrid and disagreeable in flavor), the sucrose or so-called puré 
cañe sugar, can be and is crystallized out, and in every case the 
sugar is identical in chemical composition, appearance and prop- 
erties. '*By no chemical test can the puré crystallized sugar 
from these two different sources be distinguished.''^ 


^ California Agrricultural Experiment Station, Circular No. 33. 

•United States Department of Agriculture, Farmers' Bulletln No. 585, 
1913. 


SWEETENED CONDKÑSKD MlLK — AdDITION OF SuGAR 65 

Quality of thc Sugar. — Since the sugar, sucrose, is added for 
the purpos€ of preserving the condensed milk, it is obvious that 
none but the best quality of refined sucrose is admissible. Low 
grade sucrose is a product dangerous to the condensed milk 
business. It is apt to contain sufficient quantities of acid and 
invert sugar, to give bacteria and yeast an opportunity to start 
fermentation. When once started, the destruction of the product 
is almost inevitable. In years of failure of the cañe sugar crop» 
when the prices of sucrose soar high, condenseries yield frequent- 
ly to the temptation of buying lower grades of sugar. The result 
invariably is an abnormally large output of condensed milk that 
**goes wrong.'' 

It is very important that the sugar in the iactory be stored 
where it will keep dry. Sucrose has hygroscopic properties. 
When exposed to an atmosphere saturated with moisture it ab- 
sorbs water. In damp storage it is prone to become lumpy, 
moldy and frequently sour. When these precautions are neglected 
there is danger of defective condensed milk, causing the cans on 
the market to swell, due to gaseous fermentation. 

Adulteration of sugar with foreign admixtures, such as white 
sand, whíte clay, starch, or lime dust is rare, and occurs usually 
only in pulverized sugar. For the detection of these adulterants, 
add a spoonful of the suspicious sugar to a glass of hot water 
and stir. Puré sugar will dissolve completely, while most of the 
common impurities are insoluble and will settle to the bottom. 

The purchase of coarsely granulated sugar is an eflfective 
safeguard, insuring freedom from these adulterants. Powdered 
sugar should not be used in the condensery. 

Amount of Sugar. — The amount of sucrose used varies in 
different countries, with different manufacturing concerns, in 
different factories of the same company and at different seasons 
of the year. The normal variations range between twelve and 
eighteen pounds of sucrose per one hundred pounds of fresh 
milk. Most factories use about 16 per cent. 

It is not advisable to overstep the limits above indicated. 
Condensed milk serves as a substitute for fresh milk. The more 
sucrose it contains, the greater is the difference in composition 
and properties between the condensed milk and the fresh milk. 
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Sucrose is not as readily digested as the other ingredients of 
milk; therefare, the presence of excessive amounts of cañe sugar 
in condensed milk tends to reduce its digfestibility and its whole- 
someness as a food. Again, while normal milk is a well-balanced 
food in itself. the presence of large amounts of cañe sugar in 
it causes this equilibrium to be disturbed, the condensed milk 
being excessively rich in carbohydrates and relatively poor in 
proteids. These facts are specially significant where condensed 
milk is used for ínfant feeding and by persons with weak 
digestión. * 

On the other hand, sweetened condensed milk depends for its 
preservation on the sucrose. This class of condensed milk is not 
sterile and is prevented from rapipd deterioration by the pre- 
servative action of the sucrose only. Therefore, the smaller the 
amount of sucrose it contains, the greater the danger from the 
activity of ferments and the lower its keeping quality. 

The relative prices of cañe sugar and of fresh milk also 
govern the amount of cañe sugar used in many faetones. In 
summer, milk prices are low and sugar prices are high, while in 
winter the relative prices are reversed. Henee there is a tendency 
on the part of the manufacturer to use less sugar in summer than 
in winter. 

Again, the amount of cañe sugar used varíes according to 
the kind of market for which the condensed milk is intended. 
Milk put on the market in hermetically sealed cans is generally 
exposed to more unfavorable conditions and is older by the time 
it reaches the consumer than milk sold in barréis. It is customary 
to use about sixteen pounds of cañe sugar for every one hundred 
pounds of fresh milk for canned goods, and about twelve to four- 
teen pounds of cañe sugar for barrel goods. 

Finally, there is a strong tendency in some localities for 
sweetened condensed milk made in May and June,' to thicken 
rapidly and become cheesy with age. This can easily be prevented 
by the use of more cañe sugar in the milk manufactured during 
these months. (See Chapter XXII on "Condensed Milk 
Defects.") 

A more accurate method of determining the amount of sugar 
that should be added to the original milk in order to secure a 
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definite desired percentage of cañe sugar in the finished product, 
is to accurately test and standardize the original fluid milk for 
íat and solids not fat and then calcúlate the pounds of sugar to be 
added on the basis of the total pounds of fat or of solids present. 
For detailed directions see Chapter XXIX on "Standardization." 

Mixing the Sugar. — The sugar is added to the hot milk be- 
fore the latter enters the vacuum pan. In some faetones a 
sepárate tank is provided for this purpose. Small portions of 
the hot milk are allowed to flow into this t^nk. To these the 
sugar is added. This tank is called the sugar well. It is usually 
equipped with a miechanical reversible stirrer, moving to and fro 
on an eccentric, to facilítate the solution of the sugar. The milk 
from the heater and from the sugar well runs into a tank sunk 
into the floor of the well room, the ground well, from which the 
mixed sweetened milk is drawn into the vacuum pan. In other 
faetones the sugar well and ground well are one and the same 
tank, into which the milk runs direct from the heater. In this 
case it is advisable to set a wire mesh strainer (sixty to eíghty 
meshes to the inch) over the sugar w^ell. The sugar is placed 
into this strainer, a little at a time; the hot milk from the heater 
passing into and through the strainer dissolves the sugar. A 
paddle or stick should be used to stir the sugar in the strainer. 
Por greater convenience and economy of labor, the sugar barréis 
and scales are placed on the floor over the well room. The 
sugar is transferred to the strainer below through a sugar chute 
which may be equipped at the lower end with an adjustable cut- 
off to regúlate the sugar coming down. Or the kettles, hot 
wells or sugar wells in which the sugar is added to the milk, 
are sunk into the floor sufíiciently to facilítate the emptying of 
the sugar barréis direct from the floor into the milk. In this 
case no sugar chute is needed. Other factories dissolve their 
sugar in boiling water in a' sepárate tank, and draw this syrup 
into the vacuum pan together with the hot milk. This is a very 
commendable practice, as it minimizes the danger of undissolved 
sugar crystals escaping into the pan. Moreover^ this watery 
syrup can be boiled without danger of giving the milk a cooked 
flavor. 
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CONDENSING. 

From the ground well in the well room the sweetened milk 
is drawn into the vacuum pan, wljere it is condensed under 
reduced pressure. The vacuum pan is usually located on the 
second floor over the well room, or in the well itself, Jn which 
case it is elevated above the floor six to eight feet. The vacuum 
pan is connected with the vacuum pump. which shoiild be in- 
stalled near the pan. 

Description oí the Vacutun Pan. 
^The vacuum pan is a retort in 
which the milk is heated and evapo- 
rated in partial vacuum. The origin 
of the term "pan" has not been 
satisfactorily explained. In the early . 
and experimental days of the manu- 
facture of condensed milk, the milk 
was evaporated in open ketties, 
called pans. It is probable that the 
ñame of fhis primitive gpparatus 
was passed on to the more perfected 
machinery now in use. 

The vacuum pans are construct- 

• ed of copper, iron, steel or bronze 

Practicaüy all of the vacuum pans 

Tig, IB. • used for condensing milk are madc 

of copper throughout; they are of 

various styles and sizes. The pre- 

dominating size used in milk con- 

denseries is the "six-foot pan." By the term six-foot is meant a 

retort measuring six feet in diameter. 

There are two general types of vacuum pans on the market; 
pans that are relatively wide in diameter and shallow in depth, 
and pans of relatively narrow diameter and which have a deep 
body. Both types are claimed, by their respective manufacturers, 
to have special advantages, such as ease of operatíon, uniformity 
of action. economy of fuel and oí water, and rapidity of evapora- 
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tioii; the opinions of the users oí these pans are also at variance 
concerning their.relative merits. 

The advocates of the \vide, shailow pan claim that this type 


Plf. 16-A. Covarlnf uid Inatüatlon for 

Courteay of Arthur Harria & Co. 
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of pan makes possible siich an arrangement oí the lieating sur- 
face as to take care of the máximum amount oí milk with the 
mínimum depth of milk over the heating surface and that this 
arrangement is niost desirable. They hold that because the wide 
and shallow pan offers a larger área of evaporating surface, it 
therefore makes possible more rapid evaporation than the narrow, 
deep pan. They further emphasize that in the wide. shaliow 
pan, the milk boils more quietly, is under better control and is 
less apt to be carried over into the condenser and lost, than in 
the narrow, deep pan, 

The advocates of the 
narrow, deep pan claim that 
their type of pan increases 
the rapidity of evaporation 
because it causes the milk 
to pass over the heating sur- 
face more rapidly. When 
the pan is in operation, the 
boiling milk travels from the 
center of the bottom toward 
the periphery where it rises, 
rolls over the coils, and re- 
turns to the center. It is 
claimed that a pan with a 
shaliow jacket, such as the 
narrow, deep pans have. 
causes the milk to roll over 
bigher, especially if the coils 
are cióse to the periphery 
and leave plenty of vacant 
space in the center of the 
pan. This, in turn, means 
more rapid circulation of the 
milk, causing it to pass over the heating surface at greater speed, 
and oftener, whicb naturally enables the milk to utilize more heat 
and, therefore, to evapórate more (|uickly. líecause in such pans 
the milk rolls over higher, they require a deeper body. 

Experience has dcmonstrated that for máximum rapidity of 
evaporation, other factors being the same, máximum rapidity of 
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circulation of the milk over the heating surface is indispensable. 
It is further obvious that the rapidity of evaporation is in direct 
relation to the área of the heating surface. 

Rapidity of circulation of the milk demands that there be 
no hindering counter currents and that the milk be permitted 
to circuíate with máximum freedom in one direction. This can 
best be accomplished by leaving a large open space in the center 
for the milk to retnrn to the bottoni after it has boiled up and 
over the coils from the periphery. 

In order to have the coils so ar- 
ranged as to permit this máximum and 
. wnhindered circulation of the milk, the- 
pan must have a certain height or 
depth, so as to admit the necessary 
heating surface. 

With the growing recognitíon of 
these principies, vacuum pan manufac- 
tiirers are therefore more and more 
tending toward the style of pan with a 
tall body in proportion to its diameter. 
The vacuum pan consísts of four 
main parts, namely, the jacket or bot- 
tom, the body or vapor belt, the dome 
and the condensen 

The Jacket forms the bottom of 
the pan, The inside wall is copper, the 
outside cast iron. It gencrally is con- 
cave, the curve varying in different 
types of pans from a depth of a few 
inches to two and one-half feet. The 
steam space in the jacket between 
mner and outer walis is aboiit two 
inches wtide. It is equipped with two 
^^ stcam inlets and one or two steam 

outlets. In some pans some or all of 


the steam outlets of the coils alsc 


Tmonnai pnn and eondmiar 
Courteey o( C. B. Rageru 

haust through the jacket. 
In the center of the bottom there ¡s an opening, from two 
to three inches in diameter, for the discharge of the condensed 
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milk, fitted with a valve. In the case of pans that have no 
special "striking'^ or sampling cup, this discharge is equipped 
with two valves and a short nipple between valves, to make 
possible the sampling of the condensed milk while the pan is in 
operation. 

The Body or Vapor Belt represents the main part of the 
pan. It is cylindrical, of varying height and is equipped with 
copper coils which have their outlets either through the jacket 
or the walls of the body. Their upper ends connect, through 
Üie body of the pan, with the main steam line. Most pans are 
equipped with two to three or more coils located át ^ifferent 
elevations. Since steam should be turned into the coils only when 
they are covered with the milk, it is desirable to have several 
short independent coils rather than but one large one.: This 
will give a larger range of the quantity of milk that can be con- 
densed and increases the speed of evaporation. The coils vary 
in diameter from about three to six inches. The upper and outer 
coils are the larger ones. The diameter and length of the coils 
necessarily vary with and are limited by the capacity of the pan. 
The shorter each individual coil, and the greater the number of 
independent coil sections and the greater the total heating 3ur- 
face, consistent with máximum rapidity of circulation of the 
milk and with easy access to all parts of the jacket and goIJs, 
the better. Other things being equal, the more square feet of 
heating surface, the less steam pressure, by the gauge, is requir^d 
to furnish the necessary heat for máximum evaporation. Thjis 
is important because high steam pressure in the jacket and coils 
means exposure of the milk to high temperature, which is un- 
desirable. . The heating surface should be sufficient to mal^e 
possible the complete condensation of the steam in the jacket 
and coils. If the heating surface is inadequate, more steam has 
to be turned into the jacket and coils, in order to secure the 
necessary heat for rapid evaporation, than will condense ; free 
steam will blow through and out of the coils, resulting in un- 
economic and wasteful use of fuel, and jeopardizing the quality 
of the product. The presence of numerous but short coils also 
increases the intensity of heat-transmission, as practically all 
of the steam is condensed in the uppermost convolution of each coil. 
There is a considerable variation in the área of the heating sur- 
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face ¡n different makes oí pans, ranging from about 120 to 205 
square feet, in the case oí six íoot pans. ■ 

In the latest improvement 
in coils each independent coil 
makes only one tnrn in the pan 
and the inner and outer coils 
have the same inlet and dis- 
charge and are placed on the 
same level. This permits oí 
the installation of a larger 
number of independent coils, 
each placed at a different leve!. 
In this manner the coils can be 
utilized to ISetter advantage. 
This is ^pecially significant 
when the volumé of milk in the 
pan is very smali, making pos- 
sible the'operation of the lower coils independent of the upper 
coils and thereby avoiding the danger of burning the milk, which 
inevitably occurs when the heated coils are not completely sub- 
merged, This arrangement increases the heating efficiency of 
the pan, heat can be turned on the lowest coil almost immedíately 
after starting operation, and toward the end of the batch, when 
the milk again boils low, some of the coils are still covered and 
can be used, The shorter length of these coils from inlet to 
exhaust also makes possible the simultaneons utilízation of a 
greater volnme of steam. These combined features materially 
incréase the rapidity of cvaporation and aiigment the capacity 
of the pan. These Ímpro\ed coils have the fiirther advantage 
that their exhausts do not haxe to be carried through the jacket, 
but pass through the body of the pan, 

Jacket and coils are connected independently with the direct 
steam miin from the boiler. Each connection at the pan shoiild 
carry a valve and a steam 8"auge on the pan-side of the valve. 
The main steam line and oimections leading to pan should be 
properly insiilated by proper pipe coverings, in order to supply 
the pan with as dry steam as possible. 

The drips or discharge ends of the jacket and coils are con- 
nected with the boiler feed water tank. If the pan has sufBcient 
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heating surface and is operated properly, the drip ends of the 
jacket and coils shoiild discharge warm water only, and not free 
steam. The jacket and coils shoiild be free at the drip or dis- 
charge ends so that all condensation water may be quickiy and 
continuously removed. This is necessary in order to make the 
most economical use pf the steam and to secure high efflciency 
of evaporation. In order to guard ágainst back pressure the 
drips may be eqiiipped with suitable check vahes. 


Through the walls of the body of the pan also enters the 
milk draw pipe. This pipe connects with the hot well and through 
it the milk rushes Ínto the pan. Immediately outside of the 
pan the milk pipe shoiild be e(|uipped with a valve to regúlate 
the inflow. The size of the milk draw pipe and valve is governed 
by the capacity oí the pan; usually two to three inches in di- 
ameter. Inside of the pan the milk pipe shoiild be turned down. 
If this provisión is not made, the milk shoots straight across the 
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pan atomizing into a dense spray, which is partly drawn over 
into the condenser, causing loss of mük. 

The body of the pan also usually carries, near its lower 
portion, a samphng cup, or striking cnp, which facilitates the 
san]pHng and testing for deiisity, of the contenta of the pan 
while the pan is in operation. 

A suitable, permanent covering should be provided for the 

body of the pan for insulation against heat radiation. This will 

not only economize fnel and speed evaporation, but it will also 

assist in keeping the pan room 

reasonably cool. 

The Dome rests on top of 
the body of the pan. It is equip- 
ped with a manhole, manhole 
cover, thermometer, vacuum 
gauge, sight glasses, fights, 
blow-down valve ar 
vacuum breaker. The 
manhole measures 
a bo u t fourteen to 
eighteen inches in di- 
ameter. It is closed 
by a solid brass cover 
with a well-fitting, ground surface flange. The cover 
carries a five-inch spy-glass or sight-glass through 
which the operator watches the boiling milk in the 
pan. The stem of the thermometer is enclosed in a 
brass casing and reaches to near the bottom of the 
pan. Some processors prefer a short thermometer 
which registers the temperature of the vapors instead 
of that of the milk. As both, the milk and the vapors 
are subjected to the same pressure, their respective 
temperatures are the same. The vacuum gauge con- 
nects with the interior of the pan, and indicates the 
number of inches of vacuum. A mercury column may 
be used in the place of the vacuum gauge. In the ^ tenxY 
rear of the dome there are two sight glasses. Through coitunn 
these the interior of the pan is illuminated by meañs c.''e! B^BerB 
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of lamps, gas or electric lights. The "hlow-down" valve, or 
vacuum breaker, serves to admit a¡r into the pan in order to 
"break" tiie vacuum. This is necessary for readily 
drawing off the finislied coiidensed milk. It is 
further needed to prevent the contents of the vacu- 
um pan from being drawn over into the condenser, 
wheiiever the milk rises above a safe level. 

A further accessory of the dome may be an 
antomaotic milk sampler. The sampler tube is 
carried through the wall of the dome and extends 
to near the bottom inside of the pan. Where this 
1 il e projects through the dome it is equipped with 
motor, pistón pitmp, striking cup and hydrometer." 
The striking cup at its upper end terminates in a 
small chamber equipped with a sight-glass through 
which the operator notes the position of the hydro- 
meter. foT ▼aonnm pk» 
The Condenser. ^?f¿'„r¿>;°',, 
—The condenser is - * '^°- 
that portion of the condeiisiiig ap- 
paralus in which the vapors, rising 
from the boiling milk in the pan, are 
condensed to water. The condenser 
is attached to the dome of the pan. 
There are three types of condensers 
in use. the surface condenser, the 
liarometric condenser and the wet- 
vacuum spray condenser. 

The Surface Condenser consísts 
of a tnbe cylinder filled with brass 
tubes, mounted on a receiver. The 
water used for cooling circulates out- 
side of the tubes and the vapors pass 
~~~ Tig. 34. through the tuhes, where they are 

Vaonnm brankar or biow-oowiL chilled and condensed. This con- 
denser has the advantage of enabling 
the operator to note the amount of 
condensation and to measure the amount of water actually con- 
densed. Thé receiver at the bottom of the condenser should be 
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SO arranged that it can be drained at will and without interfering 
with or retarding' the operation of the pan. 

The Barometríc Condenser consists of a vertical cylinder of 
iron or brass, equipped witfi a spray jet, through which the cool- 


nr. 95. VftcQfun pan wltli arr T*eniun luronutrio oondntMC 

Courteay of Arthur Harrls & Co, 

ing water enters the condenser. The vapors being drawn over 
from the violently boiling milk in the pan, are condeiised by 
passing through this spray of cold water. This condenser dis- 
charges its water inte a tight cistern in the ground. The con- 
denser is placed so that its bottom flange is about thirty-five 
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feet above the water level of the cistern in which the discharge 
pipe from the condenser terminates. The height of the condenser 
depends on the barometric pressure of the location where it is 
installed. The lower the altitiide and, therefore, the higher the 
atmospheric pressure, the higher miist the condenser be above 
the cistern. At the sea level. the atmospheric pressure sustains 
a water column about thirty-four feet high. This water column 
in the discharge pipe seáis the vacuum and at the same time 
permits the water from the spray and the condensation water 
to escape automatically. The cistern in which the water column 
terminates should be of sufficient size to hold about one-third 
more water than the capacity of the entire length of the discharge 
pipe calis for and should have a large overflow into the sewer. 
Wheti the pan is in opera tion and a uniform vacuum is main- 
tained, the level of the water column remains constant and the 
excess water from the condenser overflows from the cistern into 
the sewer. 

The Wet- Vacuum Spray 
Condenser consists of a huge 
hollow cvlinder of brass or iron, 
usually, but not necessarily, 
horizontal. 

The horizontal spray con- 
densers are usually equipped *^- ^^' wat-vaonum norisontai 

Wlth a perforated spray pipe, courtesy of Arthur Harrls & Co. 

placed lengthwise in the cyl- 

inder. This spray pipe should run cióse to the top side of the 
cylinder, so as to give the spray that escapes from the holes on 
the upper side of the spray pipe a chance to strike the top of the 
horizontal cylinder with forcé and to become atomized. The 
spray pipe connects at the end nearest the pan with the pipe 
supplying the cooling water. When the pan is in operation, 
a shower of cpld water issiies forth from the perforations of the 
spray pipe as the result of the rednced pressure in pan and con- 
denser. The forcé with which the water escapes these perfora- 
tions is further augmented by the fact that in most cases the 
water supply tank is located higher than the condenser. The 
hot vapors arising from the boiling milk in the pan are drawn 
over into the condenser, where they come in contact with the 
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cold water spray and are condensed. The bottom of the con- 
densen cylinder, at the end farthest from the pan is connected 
with the suction end of the vacuiim pump through which the 
water and the condensed vapors in the condenser escape. Man- 
holes with covers shoiild be provided at the top and end of the 
condenser cylinder to facihtate the cleanJng out of the condenser. 
In the vertical spray condenser the condenser cylinder is 
upright. located either on top of the pan or at some dtstance, as 
is the case, for instance, where a catch-all is installed between 


pan and condenser. The interior arran^'cment oí the vertical 
condenser varies somewhat with the different makes. One type 
of vertical condenser widely used in .'\merican condenseries con- 
sista of a double insulated vapor tube restinjí on top of the pan. 
This insulated tube is surrounded by and connects with a spray 
chamber, which terminates at its top in a perforated metal píate, 
and which has an opening in the side near the bottom that con- 
nects with the vacuum pump snpplying the suction and that 
permits the escape of the condensed vapora and cooling water. 
The cooling water enters at the top of the condenser. Immediately 
underneath the water inlet it strikes a metal cone or umbrella 
which prevents the water from running into the vapor tube, and 
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distribiites it evenly over the perforated spray píate. The vapor 
rises into the vapor tiibe o£ the condenser and is drawn over 
inte the spray chamber surrounding it, where the vapor is con- 
densed by the spray of water issuing from the perforated spray 
píate which tops the spray chamber and which contains a large 
number of very small hotes. As the water falls through thcse 
openings by gravíty, the spray is uniform and constaní and does 


not depend oii the amonnt oí water used, iior does it reqnire 
water pressnre on the condensen A complete sheet of spray al- 
ways is íormed, through vvhích the vapors must pass, regardless 
of the amount of water used, a fact which assists in the efficient 
use of the water and in rapid and complete condensation of the 
vapors. Manholes with covers are located at the top to facíH- 
tate the cieaning of the spray píate. 
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In another type of vertical spray condenser the insulated 
vapor tube in the center is surrounded by a spray chamber of 
much greater width, and the water spray starts near the bottom 
of the chamber from perforations in a circular coil. The per- 
forations are so located that the spray slants upward and out- 
ward. As it strikes the periphery of the condenser, it is deflected 
downward and toward the center. It is claimed that' in this 
case two sheets of spray are formed, through which the vapors 
must pass. Baffle plates extend downward and outward from the 
lop of the vapor tube preventing any of the spray from entering 
the vapor tube. Manholes with covers are províded at the sides 
to make possible easy cleaning of the condenser. 

Instead of the condenser being attached direct to the dome 
of the vacuum pan, the condenser may form a part of the vacuum 
pump. This arrangement is feasible both in the case of the wet- 
vacuum spray condenser and in the case of the surface condenser. 

The chief diíference between the wet-vacuum condenser and 
the barometric condenser is that in the wet-vacuum condenser 
the water from the condenser passes through the vacuum pump, 
while in the barometric condenser the water does not pass 
through the vacuum pump, but goes direct into the sewer and the 
vacuum is sealed bv the barometric water column. So far as 
practical experience has shown, there is no material difference 
in the efficiency between these two types of condensers. The 
water column of the barometric condenser helps somewhat to 
maintain a uniform vacuum. It necessitates, however, the in- 
stallation of the pan inconveniently high and requires somewhat 
more expensive machinery than is the case with the wetfvacuum 
condenser. The chief difference between both of these systems 
abd the :surface qondenser is that, in the wet-vacuum and baro- 
metric condensers the condensed vapors mix with the coolmg 
water, while in the surface condenser the condensed vapors are 
collected and carried off separately and without mixing with 
the cooling water. In the case of condensing liquids, the vapors 
of which are of commercial valué, the surface condenser must be 
used. The ¿urface condenser, however, is of relatively small 
capacity and tlie cooling water cannot be utilized as economically 
as in the case of the other systems. Where large quantities of 
vapors are to be handled and the vapors have no commercial 
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valué, as is the case in condeiising milk, the barometric and wet- 
vacuum condensers are best suited ; if properly constructed, their 
operation utilJzes the cooling; water most economically. 

Care of the Condensen — In the operation of the spray and 
jet condenser, specjal attention should be paid to the condition 
of the spray pipe, or spray píate. Especially, when the water 
used contains much organic matter, as is the case with water 
from a creek, pond or lake, there is a tendency oí the spray equip- 
ment becoming filled and coated with slimy organic matter, 
caiising the perforations to clog. This renders the distribntion 
of the spray irregular and the control of the pan difficult. It 
causes great waste of water becatise much of the water is dis- 
charged from the condenser and lost without coming into direct 
contact with the vapors. The water is, therefore, not utilized 
economically and the difference between the temperature of the 
vapors and the discharge of the condenser is excessive. In order 
to avoid this the condenser should be cleaned out thoroughly at 
least once a week, or oítener if necessary, to keep the pores of 
the spray pipe or píate free from obstriictions, It is advisable to' 
insitall condensers equípped with a manhole, properly located, 
otherwise access to the spraying arrangement is not sufficiently 
convenient to insure freciuent inspection and thorough cleaning 
by the average operator. 

The Expansión Tank, Catch-AIL or MUk Trap. — This is a 
tank frequently installed between 
the dome of the pan and the con- 
denser. Its purpose is to collect and 
reclaim'any milk that may be carried 
over from the pan and to prevent 
its escape and loss through the con- 
denser. 

If the pipe through which the 
milk enters the pan is turned down 
and its end is carried to near the 
bottom of the pan, so as to avoid 
the formation of excessive miilk 
spray, if the pan is operated care- 

fully and if the milk is kept at a rig. m. Tunnm pu witn miu 
reasonably low level, there is very courtesy or Arthur Harria * Co. 
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little danger of milk being carried over into the condenser in 
quantities sufficient to be of any consequence. Under these 
conditions the installation of a specíal milk trap between the 
pan and the condenser for the purpose of collecting the escaping 
milk spray and carrying it back to the pan ¡s, therefore, an 
unnecessary expense. 

If the pan is small ¡n comparison to the amount of milk to 
be condensed, and if it is forced beyond its intended capacity so 
that the milk boils iip high. there usually is considerable loss of 
milk, as indicated by the foamineíis and milky color of the ex- 
haust of the vacuiim pump. In snch cases the mechanicat loss' 
of an average size batch may amount to several hundred pounds 
of milk. In order to not lose this nrilk, a milk trap or catch-all 
may be installed between the pan and the condenser. The vapors 
laden with the milk spray enter the trap near the top. The 
spray drops to the bottom of the trap, while the vapors are drawn 
over into the condenser, where they are condensed as usual. 
This trap may be constructed of sufficient size so as to serve 
as a reservoir to coHect all the milk that is carried over, and at 
the conclusión of the process the content.* oí the trap are drawn 
from the bottom and are condensed with the next batch; or the 
bottom of the trap may be connected with the pan so that the 
milk thus carried over flows back into the pan automatically. 
In this case a small trap only is necessary. 

It should be understood that the milk trap is only a remedy 
and not a preventive. Where the capacity of the pan is in pro- 
portion to the amount of milk to be condensed, as it should be, 
and where the pan is operated properly, the trap is unnecessary. 
The trap is an additional piece of apparatus to be kept clean. 
Unless it is so constructed that access can be had £o all parts 

of its interior and unless it 

really is kept clean at all times, 

it may become a serious source 

of contamination. 

The Vacuum Pump. — The 

vacuum pump is, strictly speak- 

ing, not a part of the vacuum 

pan, but its intimate connec- _. „ „ . 

non with the pan makes it c.mt»r oí irt»r H.m. » Co. 
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necessary to briefly consider it at this point. The suction end 
of the vacuum pump is connected with the condenser. The 
vacuutn pump exhausts the pan, forming a partial vacuum. 
There are principally two types of vacuum pumps used in 
the milk condensery, the dry-vacuum pump and the wet- 
vacuum pump. The dry-vacuum pump is used in the factories 
with the dry-vacuum system, i. e., where the cooling water 
and the condensation water escape to the sewer direct 
and without passing through the vacuum pump, as is the case 
with the surface condenser and the barometric condenser. The 
wet-vacuum pumps are used with the wet-vacuum system, where 
the cooling water and the condensation water pass through the 
cylinder of the pump. The dry-vacuum pumps have the advan- 
tage of permitting the operation of the machine at a higher 
pistón speed than the wet-vacuum pumps in which the water 
must be displaced at the end of each stroke. The cylinders of 
the dry-vacuum pump are cooled by water jackets. The initial 
cost of the dry-vacuum pumps, however, is greater than that 
of the wet-vacuum pimips. 

The eñiciency of the vacuum apparatus depends very largely 
on the vacuum pump. Rapid evaporation at a relatively low 
temperature necessitates the maintenance of a high vacuum. The 
type, material, construction, workmanship, installation and oper- 
ation of the vacuum pump should be such as to insure the máxi- 
mum efficiency. 

The pump should be placed on a good foundation and as 
near the vacuum pan as practicable in order that the full benefit 
of the vacuum may be realized. The suction pipe and all con- 
nections must be tight. The suction pipe must be of the size 
directed by the manufacturer, as short as possible and with few 
and easy bends. The grade of the suction pipe should be uni- 
form in order to avoid air pockets. 

The water should be turned into the condenser before the 
vacuum pump is started. The pump should not run at a higher 
speed than is necessary to secure the required vacuum. Exces- 
sive speed means high steam consumption and heavy wear and 
tear on the pump. The amount of water supplied to the con- 
denser should be regulated to suit the requirements. Ordinarily, 
and with a vacuum of twenty-five to twenty-six inches, the 
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temperatnre of the condenser discharge should be about 110 de- 

grees F. A lower temperatura, woiild cause excessive and un- 
economic use of water unlcss the availahle water has a temper- 
ature lower thaii is the case in the average American condeñsery 
(50 to 60° F.). The basin on the vacuum cylinder should be 
kept filled with water to prevent admission of air to the cylinder 
through the stuffing box, and the spray pipe, jet, or spray píate in 
the condenser should be iuspectfd often to make sure that the 
perforations are not clogged. The stiiffing box of the cylinder 
should be well packed with a good quality of packing and the 
steam cylindor well oiled. Start the piimp slowly. üelt-driven 


pumps, especially those equipped with a fly-wheel, insure greater 
uniíormity of speed than direct-acting, steam-driven pumps. 
Steam-driven pumps shniiid be furnished with a high grade gov- 
ernor. The vacuum pump should have a capacity proportionate 
to the size of the vacuum pan, amount of heating surface, steam 
pressure and temperature of condenüing water. 

Science and Practice of Evaporating in Vacuo. 
Purpose of Condensing in Vacuo.— The important advan- 
tages gained by evaporating niilk under reduced pressure. or in 
vacuo, are: economy of evaporation, rapidity of evaporation, low 
temperature and large capacity of apparatus. All of these features 
are essential in the successful condensing of milk. 
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Rapid evaporation cannot také place until the milk is brought 
to the boiling point and is kept there until evaporation is com- 
pleted. Under atmospheric pressure and at the sea level, the 
boiling point of water is 212 degrees F., the boiling point of milk 
is very slightly higher, about 214 degrees P. Evaporation of milk 
under atmospheric pressure in an open kettle, however, is a 
relatively slow process, requiring a long time and large appara- 
tus. Furthermore, exposure of the milk to 212 to 214 degrees 
F. long enough to complete evaporation would render the prod- 
uct unsuitable for market. The properties of some of its ingre- 
dients are altered, the product would assume a dark color and 
a marked cooked flavor as the result of the eífect of heat. AU 
of these objections are minímized and partly avoided by lower- 
ing the boiling point of milk. These objections, however, do 
not apply to evaporation under atmospheric pressure by film 
treatment, as is the case with the Continuous Concentrator de- 
scribed in Chapter XIV. 

• Relation of Pressure to BoiHng Point. — The temperature at 
which milk boils depends on the pressure to which it is exposed. 
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The table below shows the boiling point of water at pres- 
sures ranging from atmospheric pressure at the sea level (14.72 
pounds per square inch) to a complete vacuum. 

Boiling Points of Water at DifFerent Vacua. ^ 


Absoluto pres- 
sure per 
square inch 

Vacuum inches 

of mercury 

column 

Vacuum mUll. 

meters 

of mercury 

column 

Temperatures 

of boillngr 

point of 

water, F. 

Temperatureer 

of boilingr 

point of 

water, C. 

14.720 

0.00 

00 

212.00 

100.00 

14.010 

1.42 

36 

209.55 

98.5 

13.015 

3.45 

88 

205.87 

96.8 

12.015 

5.49 

139 

201.96 

94.3 

• 11.020 

7.52 

191 

197.75 

91.9 

10.020 

9.56 

243 

193.22 

89.5 

9.020 

11.60 

295 

188.27 

86.75 

8.024 

13.63 

346 

182.86 

83.7 

7.024 

15.67 

398 

176.85 

80.5 

6.024 

17.70 . 

450 

170.06 

76.8 

5.029 

19.74 

502 

162.28 

72.5 

4.029 

21.78 

553 

153.01 

67.2 

3.034 

23.81 

605 

141.52 

60.8 

2.034 

25.85 

657 

126.15 

52.3 

1.040 

27.88 

708 

101.83 

38.7 

.980 

28.00 

712 

,100.00 

37.8 

.735 

28.50 

724 

90.00 

32.2 

.544 

28.89 

73é 

80.00 

26.7 

.402 

29.18 

741 

70.00 

21.1 

.294 

29.40 

747 

60.00 

15.6 

.216 

29.56 

751 

50.00 

10.0 

.162 

29.67 

754 

40.00 

4.4 

.127 

29.74 

756 

32.00 



* By courtesy of the Buífalo Foundry & Machine Company. 
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The pressnre or, correctly speaking, the vacuum, is expres- 
sed in terms of inches of mercury which the atmospheric pressure 
sustains. The mercury column is not a direct measure of the 
pfessure, but it shows the difference between the atmospheric 
pressure and the absolute pressure in the vacuum chamber. The 
atmospheric pressure at the sea level is 14.7 pounds per square 
inch. It sustains a mercury column in an absolute vacuum of 
30 inches at 62 degrees F., and of 29.922 inches at -32 degrees F. 
The absolute vacuum may be calculated by multiplying the 
atmospheric pressure by the factor 2.04. In case there is only 
a partial vacuum the mercury column sustained is lowered to the 
extent of the absolute pressure in the vacimm pan. The absolute 
pressure may be calculated as follows : 

Example : The actual vacuum in the pan is 25 inches at the 
sea level. What is the absolute pressure? 

14.7 X (30 — 25) ^.. ^ r 1 w • u 
rj~ — -^.4.^ pounds of absolute pressure per sq. mch. 

Relation of Altitude to Atmospheric Pressure. — At altitudes 
higher than the sea level, the atmospheric pressure is reduced 
and the rnercury column is lowered, thmigh the absolute pres- 
sure in the vacuum pan m.ay be the same. Therefore, iii factories 
located at high altitudes the mercury column will show fewer 
inches of vacuum at a given temperature and with a given 
absolute pressure. • 

The foUowing table shows ^the barometric reading in inches 
of mercury column and the atmospheric pressure in pounds per 
square inch at diíferent altitudes : 


SWEETKNKl) CoNDIvNSKD MlLK — CoNDENSiNC 


89 


Barometric Reading Corresponding with Different Altitudes.^ 


Barometric 

readingr in 

inches of 

mercury 

Atmospheric 
pressure in 
pounds per 
square inch 

Altitude 

above sea 

level In feet 

Barometric 

reading in 

inches of 

mercury 

Atmospheric 
pressure in 
pounds per 
square inch 

Altitude 
above sea 
level 
In feet 

30.0 

14.72 



23.5 

11.54 

• 

6412 

29.7 

14.60 

264 

23.0 

11.30 

6977 

29.5 

14.47 

441 

22.5 

11.05 

7554 

29.2 

14.35 

710 

22.0 

10.80 

8144 

29.0 

14.23 

890 

21.5 

■ 10.56 

8747 

28.7 

14.11 

1163 

21.0 

10.31 

9366 

28.5 

13.98 

1347 

20.0 

9.81 

1064S 

28.2 

13.86 

1625 

19.0 

9.32 

11994 

28.0 

13.74 

1812 

18.0 

8.82 

13413 

27.5 

13.50 

2285 

17.0 

8.33 

14914 

27.0 

13.26 

2767 

16.0 

7.84 

16506 

26.5 

13.02 

3257 

15.0 

7.35 

18201 

26.0 

12.77 

3758 

14.0 

6.86 

19996 

25.5 

12.53 

4268 

13.0 

6.37 

21891 

. 25.0 

12.27 

4787 

12.0 

5.88 

23886 

24.5 

12.03 

5318 

11.0 

5.39 

25981 

24.0 

11.78 

5859 





* By courtesy of the Buffalo Foundry & Machine Company. 
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In the follovving table may be found the altitudes of various 
cities in the United States: 


Altitude in Feet of Various Cities in the United States. 
By Courtesy of United States Department of Agriculture. 


Akron, Ohio 940 

Albany, N. Y 22 

Atlanta, Ga 1032 

Baltimore, Md 92 

Birmingham, Ala 600 

Boston, Mass 16 

Buffalo, N. Y 583 

Burlington, Vt 112 

Butte, Mont 5555 

Charleston, S. C 12 

Chattanooga, Tenn 672 

Chester, Pa. 22 

Chicago, 111 590 

Cincinnati, Ohio 490 

Cleveland, Ohio 582 

Dayton, Ohio 740 

Denver, Coló 5183 

Dallas, Tex 430 

Des Moines, lowa 805 

Detroit, Mich • 588 

Duluth, Minn 609 

Houston, Tex 46 

Indianapolis, Ind 708 

Ithaca, N. Y 411 

Kansas City, Mo 750 

Knoxville, Tenn 890 

Lexington, Ky 955 

Little Rock, Ark 264 


Los Angeles, Cal 267 

Louisville, Tenn. 453 

Memphis, Tenn 256 

Milwaukee, Wis 593 

Minneapolis, Minn: 812 

New Haven, Conn. 10 

New Orleans, La 6 

New York City 54 

Oklahoma City, Okla 1197 

Omaha, Neb ..1016 

Philadelphia, Pa 42 

Phoenix, Ariz 1082 

Pittsburgh, Pa 743 

Providence, R. 1 11 

Richmond, Va 51 

Rochester, N. Y 510 

St. Louis, Mo 455 

Salt Lake City, Utah . . . .4238 

San Francisco, Cal 15 

Santa Fe, N. M. 6952 

Seattle, Wash 10 

South Bend, Ind 717 

Spokane, Wash 1908 

Tampa, Fia. . .• 15 

• 

Washington, D. C 25 

Wichita, Kan 1294 

Vicksburg, Miss 196 
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According to Kent^ the relation of altitude to atmospheric 
prcssure per sqiiare inch is as follows : 

Pounds Pressure 
Altitude Per Square Inch 

At sea level 14.7 

i mile above sea level 14.02 

i mile above sea level 13.33 

I mile above sea level 12.66 

1 mile above sea level 12.02 • 

li miles above sea level 1 1.42 

li miles above sea level 10.88 

2 miles above sea level 9.80 

"For a rough approximation we may assume that the pres- 
sure decreases one-half pound per square inch for every 1,000 
feet of ascent." 

The absolute pressure in the pan of a factory located at 
Omaha, Neb., with an altitude of 1,016 feet above sea level, and 
condensing in an actual vacuum of twenty-five inches, would 
then be as follows: 

Atmospheric pressure = 14.7 — .5 = 14.2 pounds per square 
inch. 

Absolute vacuum = 14.2 X2.04 = 28.97 inches. 

AK w 14.2 X (28.97 — 25) . ^. . 

Absolute pressure — . \^^ ^y — = 1.95 pounds 

per square inch. 

Relation of Steam Pressure in Jacket and Coils, Water in 
Condenser, Temperature in Pan and Vacuum, to Rapidity of 
Evaporation. — The temperature of the vapors in the vacuum pan 
depends directly upon the pressure or vacuum under which they 
are generated, . The more nearly complete the vacuum and, there- 
fore, the lower the pressure, the lower is the temperature, and, 
other conditions being the same, the more rapid the evaporation. 
The pressure in turn is governed by the capacity of the vacuum 
pump, the tightness of the joints, the steam pressure in jacket 
and coils and the amount and temperature of the water in the 
condensen 

*■ Mechanical Engineer's Pocket-Book, p. 581. 


92 SWEETENED CONDENSED MlLK — CoNDENSING 

With a low capacity vacuum pump, or a pump running 
irregularly, or too slow, or too fast, and with leaky joints, the 
vacuum will always be low, and the pressure and temperature 
relatively high. Under these conditions the pan is difficult to 
opérate and evaporation is slow. 

With the above conditions under control and properly adjus- 
ted and with a given área of heating surface and arrangements of 
it for proper circulation of the milk, the temperature and the 
rapidity of evaporation depend on the steam pressure in the 
jacket and coils and on the amount and temperature of the water 
used in the condenser. 

Twenty-five pounds of steam pressure in the jacket and coils 
has been found to be about the máximum that can safely be used. 
With this steam pressure the milk coming in direct contact with 
the heating surface is exposed to about 267 degrees F. and there 
is a tendency for some of it to bake or burn on, which is unde- 
sirable. The walls of the jacket and coils are also subjected to 
considerable strain, since they are surrounded by an almost com- 
plete vacuum. Then again, if the pan has the proper amount 
of heating surface the capacity of the condenser and the water 
supply are in most cases insufficient to take care of and condense 
the vapors arising from the boiling milk in the pan, when the 
steam pressure in jacket and coils approaches or exceeds twenty- 
five pounds. Most condenseries opérate their pans with five to 
fifteen pounds of steam pressure in jacket and coils. In the oper- 
ation of some pans not more than about five pounds steam pres- 
sure can be used economically in jacket and coils, because the use 
of more steam causes the steam to blow through and out of the 
coils. 

Aside from the principie of construction the capacity of the 
condenser used in milk condenseries is very largely dependent on 
the water supply. Whenever the condenser is forced beyond its 
capacity, by using excessive steam in jacket and coils, the vacuum 
drops, the temperature rises and the process of evaporation is 
retarded. 

The higher the vacuum the more rapid the evaporation. A 
rise in the steam pressure in the jacket and coils increases the 
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rapidity of evaporation only as long as enough water passes 
through the condenser to maintain a high vacuum. As soon as 
the steam pressure in the jacket and coils reaches the point where 
the water in the condenser fails to. promptly reduce the vapors,' 
the vacuum drops, the temperature in the pan rises and evapora- 
tion is checked. 

The condensing of milk requires immense quantities of water ; 
experience has shown that it takes from one to three gallons of 
water to condense one pound of fresh milk, the exact amount 
depending on the construction of the condenser and the tempera- 
ture of the water. The water supply is one of the weakest links 
in most condenseries, so that economy of water is one 
of the important factors to be considered. The steam pressure 
in the jacket and coils should, therefore, be so regulated as to 
make it possible to maintain the máximum vacuum consistent 
with reasonably economic use of water. With a vacuum of 
twenty-five inches the temperature in the pan is about 135 de- 
grees F., the temperature varying somewhat with the altitude 
of the factory. In some condenseries the temperature of the pan 
is kept at 150 degrees F. This practice may economize the water 
a trifle better, but the rapidity of evaporation is considerably 
lower. 

Condensing at tempera tures lower than 130 degtees F., with- 
out reducing the steam pressure in the jacket and coils, increases 
the rapidity of evaporation, but taxes the water supply beyond 
the reach of most condenseries. So much water has to be used 
in the condenser that it is not used economically, as is shown by 
the relatively low temperature of the water discharging from the 
condenser. The temperature of the condenser discharge bears 
a direct relation to the temperature of the vapors in the pan. 
Observations made in varions factories and under different con- 
ditions by Hunziker and others showed that the condenser dis- 
charge was anywhere from 5 to 25 degrees F. lower in tempera- 
ture than the vapors in the pan, the difference averaging about 
15 degrees F. 

The smaller the difterence in temperature between the con- 
denser discharge and the vapors in the pan, the more economic 
is the use of the water and vice versa. It is not advisable under 
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averag^e conditions to so opérate the pan that the temperature 
of the condenser discharge drops below 110 degrees F., because 
of the wasteful use of water under siich conditions. 

The condensing of one pound of milk requires about one 
pound of steam and ten to twenty-five pounds of water. The 
number of heat units iised for condensing in vacuum is practically 
the same as that required by evaporating in open pans. In order 
to use the steam economically the pan should be so operated as 
to make possible its complete condensation by the time it leaves 
the jacket and coils. Whenever so much steam is used that it 
blows through and out of the jacket and coils without being con- 
densed, there is great waste of fuel. For further details on this 
point see "Description of the Vacuum Pan." 

Starting the Pan. — íBefore drawing the milk into the pan, the 
pan should be thoroughly rinsed with water, then steamed untit 
the temperature rises to about 180 degrees F. or above. Then 
the manhole cover is put in place, all the air valves are closed, 
water is turned into the condenser and the vacuum pump is 
started. When the vacuum gauge shows over twenty inches of 
vacuum, the pan is ready for the milk. 

Operating the Pan. — The valve of the milk pipe leading to 
the pan is now partly opened. The- milk enters the pan auto- 
matically as the result of the reduced pressure in the pan. When 
the milk covers the jacket, steam is gradually turned into the 
jacket. As each coil becomes submerged in milk, the coils are 
charged with steam. At no time should steam be turned on the 
jacket and coils when they are not completely covered with milk, 
as such action would cause the milk to stick to and burn on the 
heating surface, the milk would assume a burnt flavor, it would 
become permeated with black specks and the evaporation would 
be retarded. On the start, but a few pounds of steam pressure 
should be used in the jacket and coils, to avoid burning, owing 
to the presence in the milk of considerable air. As the milk 
becomes more concentrated and settles down to uniform boiling, 
the steam pressure may be gradually increased until it reaches 
the máximum. The máximum pressure permissible must be gov- 
erned by the amount of heating surface, the capacity of the vacu- 
um pump and the temperature and amount of water available for 
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use in the condenser. Under average conditions about fifteen 
pounds of steam pressure may be safely used. 

Ehiring the early stages of the process, when the milk is of 
low density, the evaporative duty is high, probably about twenty- 
five to thirty-five pounds per square foot of heating surface with 
ten pounds of steam pressure. This gradually decreases and is 
lowest toward the end of the process. 

When enough milk is in the pan to completely cover the 
jacket and coils, the milk intake should be reduced and regulated 
in accordance with the rate of evaporation.. The milk is drawn 
into the pan continuously, but only as fast as it evaporates. It 
should be kept as much as possible at a constant level, and this 
level is preferably as low as is consistent v/ith complete covering 
of the upper most coil. 

In order to secure máximum rapidity of evaporation, the 
vacuum pump should run at the proper speed and its operation 
should be uniform, a uniform vacuum and temperature should 
be maintained and the milk should be prevented from rising to 
an abnormally high level in the pan. 

' Prevention of Accidents. — The operator* should pay strict 
attention to the pan in order to avoid loss of milk due to acci- 
dents. He should watch the water supply and govern its use 
accordingly. If the water supply becomes exhausted, air is Hable 
to be drawn into the pan through the condenser. This will cause 
the milk to drop suddenly and then rise in a body, threatening 
to escape through the condenser. Whenever air in considerable 
quantities is allowed to enter the pan while in operation, be it 
as the result of lack of water, or through any other cause, or 
when the vacuum pump is allowed to stop and live steam is 
turned into the milk in the pan, as is the case when the milk 
is superheated, the escape of milk may be avoided by immediately 
shutting the steam inlet to the jacket and coils, by closing the 
milk intake and by slightly opening the blow-down valve when- 
ever the milk rises dangerously high. By skillful manipulation 
of the blow-down valve until the milk again settles down to 
uniform boiling, loss can be avoided and the process can be con- 
tinued in the normal way. 
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By the time all the milk is in the pan, condensatian is nearly 
completed, and from ten to twenty minutes further boiling usu- 
ally gives the milk the desired density. Toward the end of the 
píocess the steam pressure in jacket and coils should be reduced 
tx> about five pounds or less. When the milk approaches the 
desired density, it is comparatively heavy and viscous and boils 
less vigorously. It therefore is more directly exposed to the 
heating surface. In the case of excessive steam pressure, its 
quality is jeopardized. If the batch is small so that the level 
of the milk drops below some of the coils, steam to the exposed 
coils should be turned off entirelv. 


Chapter VI. 

STRIKING OR FINISHING THE BATCH. 

Definition. — When the boiling milk in the vacuum pan ap- 
proaches the desired degree of concentration, the batch is 
"struck." The term "striking" is applied to the operation of 
sampling the condensed milk and testing the sample for density. 
This term very probably referred, originally, to the meaning of 
"striking the batcíi right,*' that is, stopping the process at the 
proper time, or when the milk is neither too thick ñor too thin. 
It then expressed the result of the operation, while now it is 
used to mean the operation itself. 


Ratio of Concentration. — Sweetened condensed milk intended 
for canned goods has a specific gravity of 1.28 to 1.30. This 
density is reached usually when the ratio of concentration is 
about 2.5:1, i. e., 2.5 parts of fresh milk are condensed to one 
part of condensed milk, assuming that about sixteen pounds of 
sucrose have been added to. every one hundred pounds of fresh 
milk. 

Occasionally the ratio of concentration is based qu the pro- 
portion of water evaporated, in which case it is obviously much 
higher than when based on the amount of milk required to make 
one pound of condensed milk, because the added cañe sugar 
takes the place of its own weight of water, and thereby acts a^ 
a diluent of the condensed milk. Thus let us assume that 16 


Swh:^t^n^d Condensed M11.K — Striking 97 

pounds of cañe sugar are added to every 100 pounds of fresh 
milk and that it t;akes 250 pounds of fresh milk to make 100 
pounds of sweetened condensed milk, 100 pounds of sweetened 
condensed milk, therefore, contain 16 X 2,5 =1 40 pounds of cañe 
sugar. Using the sugar-free finished product as the basis for 
calculation, then, the ratio of concentration would be: 

250 

-=4.17 to 1. 


(100 — 40) 

Instead of giving the ratio of concentration, this basis of 
calculation determines the ratio of evaporation only. The results 
are, therefore, erroneous and misleading. It does not materially 
matter whether the diluent in the condensed milk is water or 
cañe sugar, or both; the really important factor is the per cent 
milk solids in the condensed milk as compared with the per cent 
solids in the original fresh milk, and this relation is solely deter- 
mined by the amount of fluid milk required to make one pound 
of condensed milk, or by the true and actual ratio of concentra- 
tion. If it takes 2^ pounds of fresh milk for every pound of con- 
densed milk, then the ratio of concentration is obviously 2.5 to 
1 and not 4.17 to 1. 

Methods. — To know just when the proper degree of concen- 
tration has been reached is difficult and requires experience. It 
is here where the processor can easily make or lose his wages. 
There are various indications reminding the observant processor 
that the milk in the retort is nearly '*done," viz., time consumed 
for condensing, time elapsed since all the milk has been 'Mrawn 
up," amount of condensed milk left in the pan and| most of all, 
the appearance and behavior of the boiling milk itself. Milk 
that has been sufficiently condensed assumes a glossy, glistening 
lustre, it boils over from the periphery towards the center, form- 
ing a small nucleus or puddle of foam in the center of the pan. 
An experienced and observant operator knows within a few min- 
utes when the milk is condensed enough. This does not mean, 
however, that he should wait until the last minute before he 
**strikes'' the batch, for even the most skillful and experienced 
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processors are easily deceived by the mere appearance of the con- 
densed milk through the sight glass. 

The degree of concentration may be more accurately deter- 
mined by taking a sample from the pan and testing it by various 
methods, such as by weíghing a definite quantity of condensed 
milk on a sensitive scale, by the use of a resistance apparatus, 
or viscosimeter, or by the use of a specially constructed hydrom- 
eter. Of these the Beaumé hydrometer has been found the 
most suitable to use under average factory conditions. 

Mechanical devices and instruments, such as above enumer- 
ated can be depended upon, when all conditions influencing the 
specific gravity of the product, such as chemical composition 
and temperature, are under control. Their successful use ren- 
ders careful and accurate standardization of the milk for butter- 
fat, solids not fat, and sucrose indispensable. Without standardi- 
zation of the component ingredients of milk the result of the 
use of these devices may prove erroneous and misleading. 

The operation of these devices must also be simple and rapid, 
for when the boiling and rapidly evaporating milk in the pan 
approaches the proper density, quick action is essential. One 
minute over or under condensing may cause the milk to be 
either too thick or too thin for the market, and may necessitate 
the "rerunning'' of the entire batch. 

In the absence of a satisfactory instrument for rapid deter- 
mination of the concentration, and particularly in the absence of 
a carefully standardized product, the experienced eye and the 
good judgment of the processor are all essential. The following 
factory methods have been found applicable and reasonably 
reliable. 

Determination by Appearance to the Eye. — Draw a sample 
from the pan into a tin dipper, lovv^er the dipper into a pail of 
ice water or snow. Stir the condensed milk writh a metal-back 
thermometer until the condensed milk is cooled to 70 degrees F. 
Note the thickness of it. Or, finish the batch at a constant tem- 
perature, say 120 degrees F. Draw a sample into a tin cup and 
pote the thickness bv examining^ the milk when pouring from 
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a teaspoon. The transparency of the milk when thus 
held against the light and the manner in which the 
milk piles up in the cup furnish a practical index to 
its density. The last method is preferable because 
of its greater rapidity. For best results the use of 
a Beaiimé hydrometer, especially constructed for 
sweetened condensed milk, graduated to from 30 
to 37 degrees B. and with subdivisions of one-tenth 
degrees is recommended. 

Use of Beaumé Hydrometer. — Beginners and 
inexperienced operators do well to take numerous 
samples from the batch in the operating pan and to 
start sampling early, so as to avoid over-condens- 
ing. No definite figure at which the Beaumé hydrom- 
eter should be read can be stated that would show 
the proper density under all conditións. The Beaumé 
reading of sweetened condensed milk of the proper 
concentration varíes with such factors as per cent 
of fat, per cent of sucrose and per cent solids, ratio 
of concentration and temperature of the condensed 
milk when the reading is taken. However, for gen- 
eral guidance^ it may be stated that condensed milk 
of a concentration of 2.5 : 1, made from fresh milk 
of average richness and containing sucrose at the 
ratio of sixteen pounds of sugar per one hundred 
pounds of fresh milk, will show a Beaumé reading 
of about 33.5 degrees B. at 60 degrees F., or about 
32 degrees B. at 120 degrees F. Sweetened con- 
densed skim milk containing approximately.40 per 
cent sucrose will show a Beaumé reading at 60 de- 
grees F. of about 37 degrees B., or about 35.5 de- 
grees B. at 120 degrees F. If it is intended to use 
more sugar (44%.) and to limit the per cent milk 
solids to 28 per cent, whole milk is condensed until 
the Beaumé hydrometer at 130 degrees F. shows 
31^ degrees B. Skimmed sweetened condensed milk 
containing 28 per cent milk solids and 42 per cent 
sucrose tests about 34 J degrees B. at 130 degrees F. 
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Correction of Hydrometcr Reading for Temperature. — The 

Beaumé hydrometers iised in American condenseries are grad- 
uated to give correct readings at 60 degrees F. If the readings 
are to be correct, or if it is desirable to convert them into spe- 
cific gravity, the condensed milk should have a temperature of 
60 degrees F. Where this is not convenient, the observation may 
be made at any temperature convenient and the reading corrected 
as foUows : 

When the temperature is above 60 degrees F. multiply the 
difference between the observed temperature and 60 degrees F. 
by the factor .025 and add the product to the observed reading of 
the Beaumé hydrometer. When the temperature of the observed 
reading is below 60 degrees F. the corresponding product is 
dedücted. 

Examiple: Beaumé reading at 120 degrees F. is 31.2. Cor- 
rected reading is 31.2 + [.025 X (120 — 60)] = 32.7. 

« 

The specific gravity may be calculated when the Beaumé 
reading is known, by using the following formula : 

1443 
Specific gravity ^ .^ ^ — h~; B. = Beaumé reading. 

Example: Beaumé reading, at 60 degrees F. is 33.1. 

144 3 
Specific grvity = ^^ 3 _ 33 ^ = 1.2976 

In the following table are assembled figures showing the spe- 
cific gravity of sweetened condensed milk of diflferent Beaumé 
degrees, varying from 28 degrees B. to 37.8 degrees B. 


» * •• t 
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Speciñc Gravity of Sweetened Condensed Milk of Different 

Beaumé Degrees. 


Beaumé at 
60 deerrees F. 

Speciflc 
Gravity 

Beaumé at 
60 degrees F. 

Speciñc 
Gravity 

28.0 

1.2407 

33.0 

1.2965 

.2 

1.2428 

.2 

1.2988 

.4 

1.2449 

.4 

1.3011 

.6 

1.2471 

.6 

1.3034 

.8 

1.2493 

.8 

1.3058 

29.0 

• 

1.2515 

34.0 

1.3082 

.2 

1.2536 

.2 

1.3106 

.4 

1.2558 

.4 

1.3130 

.6 

1.2580 

.6 

1.3154 

.8 

1.2602 

.8 

1.3178 

30.0 

1.2624 

35.0 

1.3202 

.2 

1.2646 

.2 

1.3226 

.4 

1.2668 

.4 

1.3250 

.6 

1.2690 

.6 

1.3274 

.8 

1.2713 

.8 

1.3299 

31.0 

1.2736 

36.0 

1.3324 

.2 

1.2758 

.2 

1.3348 

.4 

1.2780 

.4 

1.3372 

.6 

1.2803 

.6' 

1.3397 

.8 

1.2826 

.8 

1.3422 

32.0 

1.2849 

37.0 

1.3447 

.2 

1.2872 

7 

1.3472 

.4 

1.2895 

.4 

1.3497 

.6 

1.2918 

.6 

1.3522 

.8 

1.2941 

.8 

1.3548 
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Samplíng of Batch. — The samples can be drawn from the 
pan by operating the two valves at tlie bottom explained under 
"Description of Vacuum Pan." While the milk is condensing, 
the partial vaciium in the pan makes impossible the drawing off 
of the sample by simply opening the outlet. Instead of causing 
the miHí to come out, air woiild riish in with violent forcé and 
woiild cause the milk in the pan to be thrown over into the con- 
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denser, hesides dangeroiisly jolting the machinery. For this rea- 
son the outlet is equipped with two valves, both of which are 
closed during the condensing process. For taktng samples, open 
the upper valve. This allows the condensed milk to run into 
the nipple between the two valves. Now cióse the upper valve 
and open the lower one. The milk will run out freely. The firs^ 
sample should be rejectéd, as it may coniain water caught in 
the nipple, 

For greater convenience and increased rapidity of sampling, 
especially constructed sample cups or striking cups, attached to 
the side of the body of the pan may be used. These striking cups 
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are now made of such size that the hydrometer can be operated 
in them, rendering the use of a sepárate hydrometer cylinder 
unnecessary. The látest invention for facilitating the sampHng 
and striking is the automatic milk striker designed by Mojonnier 
Bros. Co., Chicago. This ingenious • contrivance consists of a 
motor-driven pistón pump. The suction tube carrying the pistón 
extends from the dome of the pan into the boiling milk. This 
tube projects at its upper end through the wall of the dome and 
overflows into a hydrometer cylinder. This cylinder carries at 
its upper end a chamber permitting unhindered motion of the 
hydrometer and the end of this chamber which faces the operator 
is equipped with a sight glass and a light. In the cylinder 
reposes a Beaumé hydrometer. Whenever the operator desires 
to know the density of the condensed milk in the pan, he starts 
the motor. The pump immediately filis the cylinder and the 
hydrom-eter shows the density or Beaumé reading. 

Drawing off the Condensed Milk. — As soon as the evapora- 
tion is completed, the steam is shut off from the jacket and coils, 
the water valve is closed, the vacuum pump stopped añd the 
vacuum broken by opening the **blow-down'' valve. The man- 
hole cover is then removed and the vacuum pump started again 
in order to remove the hot air over the milk. The milk is drawn 
into 40-quart cans or into tanks or cooling vats. The condensed 
milk should be drawn from the pan as rapidly as possible to 
prevent its superheating while in the pan. In some factories a 
wire mesh or cloth strainer is attached to the outlet of the pan, 
so that the condensed milk is strained before it runs into the 
cans- This practice is unnecessary and objectionable, as it tends 
tb retard the rem<oval of the milk from the pan. 

COOLING. 

The sweetened condensed milk, as it comes from* the vacuum 
pan, has a temperature of about 115" F. to 130° F. If it were 
allowed to cool naturally, or on its own accord, i. e., if no effort 
were made to cool it promptly, it would superheat and this would 
cause it to become thick and cheesy in a short time. It is, there- 
fore, essential that it be cooled at once. Formerly this was done 
by drawing the milk from the pan into 40 quart cans, setting 
these filled cans in tanks with ice water and stirring the con- 
densed milk with a stick, 
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This was a very crude method, it involved much hard work 
and time, and the quality of the prodiict was poor. It was soon 
found that the imperfect hand stirring caused excessive sugar 
crystallization, which made the m/ilk sandy. The sudden chilling 
and irregular stirring of a saturated sugar solution like sweet- 
ened condensed milk are favorable to the formation of sugar 
crystals. Where the stirring is imperfect and irregular, all the 
milk is not kept in sufficient motion to insure uniform and gradual 
cooling. The milk next to the side of the cans is chilled too 
abruptly, favoring the formation of crystals. Vigorous stirring 
in itself is conducive of sugar crystallization. 

Later the hand stirring was completely superseded by 
mechanical stirring, paddles closely scraping the sides of the 
cans being used. Instead of setting the paddles in motion, they 
are stationary and the cans revolve. The principie is similar 
to that of the vertical ice cream freezer. Heavy iron tanks, with 
a capacity of twelve to forty-eight 40-quart cans, are used for 
this purpose. The bottoms of these tanks are equipped with a 
system of cog wheels, set in motion by means of a gear at one 
end of the tank. The wheels have a diamfeter large enough to 
carry one can each. The cans are set on these wheels, the paddles 
are inserted and fastened to cross-bars and the power started. 
The cans should be heavily constructed to stand rough usage, 
without suffering indentations. Cans with irregular, depressed, 
or bulged sides cause the paddles to do poor work. Such cans 
should be slipped over a wooden horn, or other contrivance, and 
the indentations hammered out with a mallet. The paddles are 
held stationary by cross-bars and are forced against the periphery 
of the cans by springs.. Attention should also be paid to the 
pivdts on which the cog wheels rest. If they are warped, the 
wheels do not run true, so that it is not possible for the paddles 
to scrape the sides of the cans properly. 

The sweetened condensed milk should be cooled gradually. 
Sudden chilling should be avoided. This is best accomplished 
by warming the water in the cooling tank to about 90 degrees P., 
before the cans are set in. The cans are then allowed to revolve 
for fifteen to twenty minutes before any cold water is turned 
into the tank. After that, cold water is turned in slowly until 
the temperature of the milk has fallen to about 70 degrees F, The 
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entire time of cooling should last about 
two hours. The cans should revolve 
slowly, rapid stirring enhances the 
precipita tion oí sugar crystals. In order 
to scrape the sides of the cans efficient- 
!y, when the cans revolve slowly,' 
(about five revoUitíons per minute) it 
is advisable to use two paddies in each 
can, scraping the cans at opposite sides. 
When the milk is sufficiently cooled 
the cans are stopped, the paddies Hfted 
out, scraped and removed, and the 
cans taken out of the tank. This me- 

■wJS^a SSaÍS5J?S£" thod of cooling sweetened condensed 
CourtesyArthur Harria &C0. milk is stíll in vogue in the majority of 

condenseries. It is obviously crude, laborious and time-con- 

suming. 

In some faetones the condensed milk is tranfferred from 

the pan direct into 

large tanks and is sub- 

sequently cooled by 

pumping it with a high 

pressure pump through 

a series of coils sub- 

merged ín cold water. 

This method is labor 

and time-saving and 

the objectionable fea- 

tures of agitatioii are 

avoided. On the other 

hand, there is danger 

of too rapid chilling, 

which tends toward ex- 

cessive silgar crystalli- 

/.ation and the produc- 

tion of rough, sandy 

and settled milk. 

Within recent years 

the use of circular tanks e<.u"r.e3V «f Jen«n cVeameryM^ohlnery Co. " 


106 SWKKTENED CONDIÉNSED M1I.K — COOUNG 

with jacket and vertically suspended, revolving coil, has been 
adopted in niimerous factories with rnost satisfactory results, 
and this method of cooling this viscous product promises to 
assist in solving the cooling problem. Rectangular vats with 
horizontal coils, which also have been tried for this purpose, 
however, are less desirable. as they tend to cause the condensed 
milk to foam excessively. This foaming ¡s caused by the fact 
that the horizontal coil revolves into the milk, beating air into 
it. In the case of the circular tank, the vertical suspended coil 
when revolving moves upward, out of the milk, thus avoiding 
incorporation of air and excessive foaming. The circular vat 
with the suspended vertical coil has the further advantage that 
the condensed milk does not come in contact with bearings and 
glands, these parts being entirely detached from the vat. 

A still more recent method of cooling sweetened condensed 
milk consists of a combination of the use of the submerged coil 
and subsequent slow agitation. The equipipent for this method 
consists of a vertical or horizontal tank, equipped with a sub- 
merged coil. This coil should have a diameter of about 1^ 
inches and a length of from 600 to 700 feet, the length needed 
depending on the temperature to which it is desired to cool the 
condensed milk and the temperature of the cooling water. The 
coil is usually of regular, so-called sanitary pipe (copper pipe 
tinned on inside) or it may be black iron pipe preferably sand- 
blasted on inside. 

. ' The submerged coil connects at its intake with a high pres- 
sure pump and at its outlet with one or more large enameled 
steél holding tanks (capacity usually 5,000 gallons). Each of 
these holding tanks is equipped with ^ a powerful motor-driven, 
vertically slanting agitator, also enameled. The agitator re- 
volves at á speed of about 12 R. P. M. 

• 

In the Gperatioo pf this method of cooling, the hot sweet- 
ened condensed milk is drawn from the vacuum pan, preferably 
by gravity, into a standardizing vat mounted on scales. When 
all the condensed milk of one and the same batch has been trans- 
ferfed to this tank it is accurately weighed.- The weight of the 
original fluid milk is then divided by the weight of the con- 
densed milk. This yields the exact ratio of concentration. If 
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the concentration is in excess of that desired, the product is 
standardized by the addition of the accurately calculated nec- 
essary amoiint of distilled water. 

From this stand- 
ardizing tank the hot 
condensed milk is 
forced by means of the 
hifíh pressure p u m p 
throiigh the siibmerged 
coil in the cooling tank. 
The water supply to 
this tank ¡s autotnati- 
cally regulated by a 
thermostat, so as to ' 
cool the condensed milk 
CourtBBy of Union steam Pump Co. to the desired tempera- 

ture (usually 65 to 75 degrees F.). 

The condensed milk remains in the submerged coil about 
six minutes, i. e., six minutes elapse from the time it enters 
the coil till it reaches the exit. From here the now cool con- 
densed milk flows to íhe holding tank where it is slowly agitated 
for several hours. 

Experience has demonstrated that this method of cooling 
and agitating sweetened condensed milk is very eííective in 
preventing the production of sandy and settled milk. It appears 
that the great viscosity of the sweetened condensed milk canses 
the milk. in its pa.--sage throngh the coil, to be snbjected to the 
least damaging agitattcn. The center of the column of the 
milk moves forward slightly faster than the portion nearest the 
walls of the coil. This results in a rolling or curling motion, 
producing sufiicient and yet not excessive a^tation. 

The subseqent slow agitation of the cooled condensed milk 
in the holding tanks for a considerable period of time, further 
assists in the preservation of a smooth product. It enhances 
the formation of very small crystals at the expense of larger 
crystals, thereby minimizing the tendency toward coarseness and 
insuring a iiniformly smooth product that is not prone to yield 
a sugar sediment. 
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The pressure required to pump the sweetened condensed 
milk through the cooling coil and up ¡nto the holding tanks 
varíes from about 800 to 1200 pounds, and the pump used for 
this purpose must be strong enough to develop a pressure of 
at least 2,000 pounds, which may be required to start the flqw 
through the coil after the milk has stood idle for some time and 
has become chilled. 

This method, in addition to its labor-saving feature, and 
to its efficiency in avoiding sandy and settled condensed milk, 
has the further important advantage, that the product is pro- 
tected against contamination with bacteria, mold, and other im- 
purities from the air, etc., the product being under seal until 
it reaches the filling machine, or until it is packed into barréis 
in the case of bulk goods. This method, therefore, should be 
particularly adapted for efforts to produce an article that does 
not develop "buttons" with age. See also Chapter on "Defects 
of Sweetened Condensed Milk.'' 

The chief criticism that may be raised against this method 
lies in the question of cleaning the cooling coil. From the 
standpoint of bacterial contamination it may safely be said, 
however, that the danger of such contamination is remote. After 
the product of one day's make has passed through the coil, the 
coil is sealed by val ves and there is no reason to doubt that 
the condensed milk remaining in the coil till next day's opera- 
tion, is not just as well protected against all contaminating 
influences, as if it were sealed in tin cans. It is advisable, how- 
ever, to completely empty and rinse and steam the submerged 
coil at regular intervals of say once per week. This is especially 
desirable in the case of a copper coil, in order to guard against 
an excessive accumulation of copper salts which would tend 
to lend the product a metallic flavor and to jeopardize its whole- 
someness. In the case of a black iron coil, sand-blasted on inside, 
the eífect of the action of the acid and sugar of the milk is 
negligible. However, when not filled with condensed milk the 
iron coil should be kept filled with clean water to prevent exces- 
sive rusting. 
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FILLING. 

The sweetened condensed milk is put on the market in 
barréis and in hermetically sealed tin cans. 

In Barréis. — Barréis, similar to g;lucose barréis, are generally 
used. They hold from three hundred to seven hundred pounds 
of condensed milk. New barréis should be used for this purpose. 
Barréis paraffined, or coated with sodium siÜcate, on the inside 
are most satisfactory, as they are more apt to be free from mold 
spores. Oíd glucose barréis are dangerous to use, as they often 
contain decaying remnants of glucose, which cause the condensed 
milk to ferment. The new barréis are steamed out and drained 
thoroughly. The filling is facilitated by the use of a large gal- 
vanizad iron funnel with a discharge one and one-half inches 
in diameter, or an ordinary milk pail with a nipple one and one- 
half inches in diameter in the bottom of the pail. When filled^ 
a double layer of cheese cloth is placed over the bunghole, and 
the bung is driven in level with the staves. The barrel goods 
are sold to bakeries and candy faetones. 

In Cans. — The 
canned goods are in- 
tended for the retail 
market. The cans 
used hold from eight 
ounces to one gallón 
of condensed milk. 
Most makes of tin 
cans for sweetened 
condensed milk have 
a s ma 1 1 opening, 
three-eighths to three- 
fourths inch in diam- 
eter through which 
they are filled. The 
cans known and sold 
under the trade ñame ^ 

sanitary can are „ujj^ MUMibín» lor »wu%au>a oondMUMd iniu 
fiUed before the top Courtaoy of ScUaefer MÍb. Co. 
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is crimped on. Sweetened condensed milk is oí a semi-fluid, 
viscous and sticky consístency. The successful and rapid ñlling 
oí the cans without spilling the milk over the top oí thc 
can is, therefore, somewhat difficult. If done by hand the 
work is very slow. Kor this reason many ingenious ma- 
chines have been devised which are more or less efficient 
in "cutting off" the milk without "slobbering." The fiUing 
machines now in use vary from the primitive hand fiUer, in 
which the condensed milk is "ground out" by the turning oí 
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a crank by hand, to the most perfect forms of automatic filling 
machines. In these fiUing machines, a!l parts coming in con- 
tact with the condensed milk are constructed of brass. They 
usually are equipped with a reservoir. receiving tank, or hopper, 
which has an automatic feed, usually a floating device attached 
to a valve, which regnlates the inflow according to the discharge. 
The discharge is adjustable to fill any size can with a remarkable 
degree of accuracy, except gallons which are usually filiad by 
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hand. Machines of this type will fiU from twenty-five thousand 
to thirty thousand cans per day (ten hours). 

These machines are of complex construction and must re- 
ceive proper care. It is best to clean them thoroughly after each 
day's work. But, since their inlet and discharge are closed her- 
m'etically, the complete washing may be done once per week 
only, without seriously disturbing their efficiency^or impairing 
the product. For thorough cleaning, the filler should be dis- 
sected, removing all detachable parts, such as valves, pistons, 
tubes, etc. When freed from all remnants of condensed milk, 
the parts should be scalded, dried and replaced in the machine. 
In order to guard against all possible contamination by remnants 
of wash water, it is advisable to reject the first few cans of milk 
of the next fiUing. When not in use, the filling machine should 
be covered with clean cloth, or oil cloth, to protect it from dust 
and flies, etc. 

As soon as the cans are filled, they should be "capped.'' If 
allowed to stand open, dust, dirt and flies, or other insects are 
prone to reach their interior, and the prolonged exposure of the 
condensed milk to the air and light causes the surface to crust 
over and to dcvelop a tallowy flavor. 

SEALING. 

Kinds of Seáis. — The seal must be air-tight and firm enough 
to previerit its breaking during the rough treatment to which the 
cans are exposed in transportation. There are several methods 
of sealing the cans, depending largely on the construction of the 
can. ' Most of the cans used are sealed with solder. There is a 
groove, airóund the opening, the periphery of the cap fits irito this 
groove and the latter is filled with solder. In the case of cans 
which are sealed without solder, the cap or the entire end of the 
can is crimped onto the can so as to make a hermetical seal. The 
McDonald seal with the friction cap, the Gebeé seal with the burr 
cap, and the Sanitary can seal with the top of the can crimped on 
after filling, are the chief types of solderless seáis. In the case of 
the McDonald seal, a tightly fitting cap with a wide flange is 
prc&sed into the opening. The "cappéd" can passes under a 
&eries of steel rollers pressing the flange firmly against the top of 
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the can. This seal is verv simple, bul is not very strong and 
not hermética! ly tighí. In tlie case of the Gebee seal, a rim pro- 
jects around.the openinfi; of the can. Aíter the cap is inserted, 
!t is crimped over this rim by nieans of a series of revolving dies. 
Thi,s seal is reasonably strong but not hermetically tight. The 
Sanitary can is entirely open at one end when filled. The cover 
or end is crimped around the periphery of the body of the can 
by means of revolving dies. This seal ís reasonably strong 
and usually hermetically tight. The chief advantages of the 
seáis without sólder lie in the saving of labor and the reduction 
of the cost diie.to the omission of solder. 

Soldering Devices and Machinery, 
—The sealing of a!l solderless seáis is 
done by specially constrncted sealing 
machines. ; 


liff. 44. Soldariny itoTa 

Courtesy of Arthur Harrls & Go. 

For seáis with solder there are sev- 
eral machines on the market but much 
of this work is as yet done by hand. 
For this, different types of soldering 
coppers are in use and the copper tips 
are heated in soldering stoves or pots. 
Some soldering coppers have hollow 
circular tips with a diameter equal to 
that of the cap used. The hollow tip 
is telescoped by a rod which holds thg 
cap in place and the periphery of the tip fits into the groove 
of the opening of the can, where ¡t melts the solder. A rapid, 
neat and leakless seal can be made with this instrument. 


tIo* for loMtTlikC I>7 IiMid 


Ordinary soldering coppers with a blunt point, such as are in 


114 SWÍETENED CONDENSED M1I.K — SEAI^ING 

genera! use by the tin smith, are not very satisfactory. Unless 
they are drawn out and filed down into a fine point, their use ¡s 
not conducive of neat work, progress ¡s comparatively slow and 
leakers are often numerous. When gas is available the automatic 
soldering copper may be used to advantage. In this tool the 
copper tip, which is long and slender is automatically heated by 
a current of gas passing through the handle and burning at the 
copper tip. The handle of the device is connected with the gas 
and air pipes by means of flexible rubber tubing. No time is 
lost waiting for the copper to heat and the flame can be ^o 
regulated that the temperature of the copper tip is right and 
uniform. This is important, because perfect work is impossible 
unless the coppers have the proper temperature. 

Machine-soldering is now rapidly replacing hand-soldering. 
The principie of the older types of soldering machines* consisted 
of revolving discs on which the tin cans were placed. The cap 
was held in place by a vertical rod pressing on it. The solder 
was applied by hand, the hot soldering copper was held over 
the groove in the can while tlje cans revolved. This method had 
no particular advantage over the hand soldering. There was 
little, if any, saving of time and the quality of the work was not 
much, if any. better. 

There are now on the market newer types of soldering ma- 
chines, most ingeniously constructed and their operation in fae- 
tones with large outputs economizes labor and time. 

Solder. — The solder used for sealing should be of standard 
composition. In this country, canning establishments are prone 
to use a very poor quality of solder. Tt contains from) 45 to 55 
per cent lead. Lead is a poisonous metal ; its use in the canning 
industry should, therefore, be regulated by law. In Germany, 
the law requires that solder used in tin cans for food products 
must not contain over 10 per cent of lead. 

Where the sealing is done by hand the solder is most con- 
veniently used in the form of thin bars or wire. The wire is 
usually bought already cut up in segments, each segment furnish- 
ing solder enough to seal one can. In the newer types of sol- 
dering machines the solder wire is automatically fed from spools. 
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The smaller the opening of the can, the less solder is necessary 
to complete the seal. An opening smaller than three-eighths of 
an inch in diameter, however, cannot conveniently be used, owing 
to the difficulty of filling the can with this viscous product. The 
essential points of satisfactory sealing are: no "leakers/* neat 
work, rapid work, smáll amount of solder. Aside from the size 
of the opening of the can, the amount of solder used depends 
on the experience of the sealer. Beginners usually make an un- 
even seal, waste much solder, and have many "leakers." This 
is largely due to their ignorance of th^ proper soldering tempera- 
ture of the copper. An experienced sealer will use from two 
to three pounds of solder per thousand tin cans with mbderate- 
sized openings. He will seal from fifteen hundred to twenty-five 
hundred cans per day. 

Soldering Flux. — The use of solder requires the application 
of soldering flux, to prepare the surface of the tin for the solder. 
The flux always precedes the solder. When the hot solder is 
applied, some of the flux is bound to sweat through, between cap 
and can, gaining access to the interior of the can. The common 
practice of using zinc chloride or other similar acid fluxes, which 
are highly poisonous, therefore, cannot be too strongly con- 
demned. Their presence in the can may jeopardize the health 
and life of the consumer, as well as the marketable properties of 
the product. There are other fluxes which are absolutely harm- 
less, and which, if properly used, give satisfactory results. Dry, 
powdered resin^ or resin dissolved in alcohol or gasoline, are of 
this class. Ammonium chloride, while used in most tin shops, 
is not as well suited for this purpose. 

Gas Supply. — A plentiful and steady supply of gas is very 
essential. Where natural gas or gas from a municipal Corpora- 
tion is not available, the factory must rely on its own generator. 
For the needs of the condensery a gasoline gas plant seems 
suitable. Gasoline gas is produced by forcing atmospheric air 
over or through a body of gasoline. The mixture of air and 
gasoline vapors forms the gasoline gas. The gas generators in 
use consist chiefly of carburetor, air pump or blower, and regu- 
lator. The carburetor usually has a series of cells, connected 
with one another by means of a system of syphon tubes. The 
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interior of each cell is partitioned off with heavy cotton wicking 
This wicking absorbs the gasoline by capillary attraction. The 
air, passing through the fine meshes of wicking, comes in contact 
with a large surface of gasoline. 

■-Si 

The following are some of the essential points to be observed 
in the installation and operation of gas generators of this type: 
Sink the carburetor low enough (three to five feet below the 
surface of the ground if necessary) to permit the gas pipe to slant 
from the factory to the carburetor. If the gas pipe is horizontal, 
or inclined toward the fagtory, condensation water miay collect 
in the pipe, obstructing the free passage of gas. This causes the 
gas either not to be available at all, or to reach the stoves in 
irregular gusts, which is equally unsatisfactory. Where the gas 
pipe slants toward the carburetor, the condensation water flows 
back into the carburetor, causing no obstruction. Use gasoline 
of the best quality only. Cheap grades form a residue and clog 
the generator. The gasoline is best bought in iron barréis; this 
prevents unnecessary loss by evaporation, which occurs in 
woodén barréis, especial ly in summer. The cells should not be 
filled more than two-thirds full; too much gasoline reduces the 
gas-generating capacity of the carburetor. If, during extremely 
cold weather, the carburetor refuses to genérate gas, the injection 
of a pint of wood alcohol through the blow pipe into the cells, 
usually remedies the trouble. The gas plant and gasoline storage 
should be located in a sepárate building and at a reasonable 
distance from the main building, in order to minimize danger 
from fire. 


PART III 

MANUFACTURE OF UNSWEETENED CON- 

DENSED MILK 

EVAPORATED MILK 

Chaiter VIII. 

DEFINITION. 

There are three kinds of imsweetened condensed milk on 
the market, namely, evaporated milk, formerly called evaporated 
cream, plain condensed biilk milk and concentrated milk. 

Evaporated milk is cow's milk condensed in vacuo at the 
ratio of about two to two and one-half parts of fresh milk to one 
part of condensed milk. - It is of the consistency of thin cream 
and reaches the market in hermetically sealed cans varying in 
size from eight ounces to one gallón. Evaporated milk is pre- 
served by sterilization in steam under pressure. When properly 
made, it will keep indefinitely, but is best when fresh. 

QUALITY OF FRESH MILK. 

In the manufacture of evaporated milk the physiological 
normality and the chemical purity and sweetness of the fresh 
milk are factors even more important than in the case of sweet- 
ened condensed milk. A uniformly sactisfactory and marketable 
product cannot be manufactured, unless the milk is normal and 
puré in every respect. The reason for this largely lies in the 
fact, that defects the fresh milk may have, are greatly magnified 
and intensified by the high sterilizing temperature to which the 
evaporated milk is subjected. While, from the biological point 
of view, contaminations of this milk are largely rendered harm- 
less by sterilization, defective fresh milk cannot be made into 
a marketable product, because such milk usually does not survive 
the process. 

It should be understood that any condition or factor that, 
in the slightest degree, increases the tendency or ability of the 
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casein to curdle, tends toward the formation of a hard, unshak- 
able coagnhim during sterilization, and makes the manufacture 
of a marketable product difficult. Abnormal milk of this type 
may come from cows approaching parturition, or too soon after 
calving, or milk from cows suffering from disease, generalized 
or local, or from cows in poor and abnormal physical condition, 
which may be brought about by poor care.. over-feeding, feeding 
the wrong kinds of feed, or feed in poor condition, exposure to 
abnormally hot weather and flies, or any other condition which 
disturbs the physiological functions of the animal and thereby 
affects the physical, chemical, and physiological properties of 
the milk; or it may be due to improper care of the milk, causing 
it to be excessively contaminated with germ life, or to be rel- 
atively high in acid. All such milk renders the quality of the 
finished product uncertain and may result in heavy loss. 

In view of these facts it is obvious that the greatest care 
should be exercised on the receiving pUtform, inspecting every 
can of milk, using the most reliable means, as recommended in 
Chapter III on "Control of Quality,'' to detect suspicious milk, 
and rejecting all m'ilk that fails to reach the sanitary standard 
adopted by the factory. 

Standardizing. — ^^In order to insure in the finished product 
the percentage relation of fat to solids not fat that meets with 
the Federal Standard or with any other standard desired, the 
fluid milk should be accurately standardized. For this purpose 
each batch of ¡fluid milk must be correctly tested for per cent fat 
aiid per cent solids not fat. On the basís of these tests, the 
amount of cream or skim milk which it is necessary to remove 
or to add, as the case may be, can then be readily calculated. 
For detailed directions on standardizing the milk to any desired 
standard see Chapter XXIX on "Standardization/* 

HEATING THE MILK. 

The equipment for heating the milk should be such as to 
enable the factory to heat the milk with the least possiblc dclay 
so as to avoid the development of acid, or to make possible the 
prompt cooling of the milk upon its arrival to a temperature at 
which bacterial development is checked. In the manufacture of 
evaporated milk, the batches of condensed milk in the vacuum 
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pan must be relatively small. This milk foams more in the pan 
than the heavier sweetened condensed milk. This factor reduces 
thereforé, the capacity of the pan. If the milk is not cooled upon 
arrival, but is transferred immediately to the hot wells, it is 
advisable to use numerous small wells, rather than but one or 
a few large ones. These small wells fill rapidly and the milk 
can be heated without delay. This system makes it possible to 
render the bacteria inactive and harmless practically as soon 
as the milk arrives, minimizing the danger of acid formatíon.^ 

Steam may be saved if the milk is forewarmed by running 
it through coils inclosed in a chamber of exhaust steam, but the 
coils increase the labor and difficulty of cleaning. It is best to 
heat the milk to as near the boiling point as possible and hold 
it there for five to ten minutes, provided that the capacity of the 
factory warrants this delay. In this heating the casein ot the 
milk is somiewhat changed. There occurs partial, though invis- 
ible, precipitation, and the higher the temperature to which the 
milk is heated, the more pronounced is this change. This change 
is desirable, because the casein thereby surrenders, to a limited 
extent, its power and tendency to form a firm curd in the ster- 
ilizer. See also Chapter XI on "Sterilizing." 

CONDENSING. 

The same apparatus, the vacuum pan and pump, is used 
for condensing the milk, and the process of condensing is prin- 
cipally the same, as in the case of sweetened condensed milk. 
The fresh milk is condensed at the ratio of two to two and one- 
half parts of fresh milk to one part of condensed milk. In some 
faetones it is customary to superheat the milk in the pan before 
it is drawn off, i. e., the steam to the jacket and coils is shut off, 
the water valve is closed, thfe vacuum pump is stopped and 
"live" steam is passed into the condensed milk. When the 
vacuum has dropped to about six to eight inches, and the tem- 
perature has risen to 180 to 200 degrees F. the superheating is 
stppped, the steam is turned off, the vacuum pump is started 
again, and the condensing is completed. The superheating is fre- 
quently aíso done after the evaporated milk has been drawn 

^ See also Coollngr Milk and Standardlzatlon. 
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from the pan. In this case, the process of evaporation is usually 
carried slightly beyond the desired density of the finished prod- 
uct, the evaporated milk is drawn from the pan into an open vat 
or kettle where steam is turned direct into the milk until the 
superheating is comipleted, which is indicated by its greater con- 
sistency and the slightly flaky condition of the ciird. Then water 
is added to the súperheated evaporated milk to bring the product 
back to the desired density. 

The chief purpose of superheating is to partly precipitate 
the curd. This minimizes the danger of the formation of too 
hard a curd in subsequent sterilization. It alsojends the body 
of the milk the appearance of greater consistency, gives it a 
more creamy character and assists in the prevention of sub- 
sequent fat separation. The superheating of evaporated milk is 
not essential for the production of quality and marketable prop- 
erties, but it is looked upon by many manufacturers as a safe- 
guard against such defects as curdiness and fat separation. It 
is not improbable that its advantages are much overestimated, 
and in most factories the superheating process in entirely omitted. 

The condensing of milk for the purpose of manufacturing 
evaporated milk may be done also in the absence of the vacuum 
pan, by the use of the "Continuous Concentra tor," the construc- 
tion and operation of which are described in Chapter XIV on 
*' Condensing by Continuous Process." 

STRIKING. 

The striking, or sampling and testing for density, of evapor- 
ated milk, is more easily accomplished than that of the sweetened 
condensed milk. When this product has nearly reached the 
proper density, it is not viscous,and syrupy, containing no cañe 
sugar. It resembles in consistency rich milk or thin cream and 
has a specific gravity of 1.05 to 1.075 at 15.5 degrees C. or 60 
degrees F. 

Samples are drawn from the vacuum pan as described under 
sweetened condensed milk and the density can be readily deter- 
mined by means of a hydrometer. Beaumé hydrometers, register- 
ing from! 5 to 15 degrees B., are generally used. As it is im- 
portant that the determinations be accurate, the hydrometer 
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should be sensitive and its scale should be subdivided into tenth 
degrees. The batch should be "struck" at a uniform tempera- 
ture, say 120 degrees F., so as to avoid misleading readings of 
the hydrometer. A difference of a few tenths degrees Beaumé 
afFects the behavior of the evaporated milk in the sterilizer very 
appreciably. If the density. is too great the product may badly 
curdle during sterilization. If the density is too low the evapor- 
ated milk may 6e below the legal standard. It is advisable for 
the operator to use a pail of water of the proper temperature, 
when he strikes the batch, so that he can adjust the temperature 
of the milk in.the hydrometer jar readily and quickly, and need 
not depend entirely on the temperature of the milk in the pan 
which may change several degrees while he is engaged in the 
operation of striking. The hydrometer jar containing the sample 
of evaporated milk is set into the pail of hot water of the desired 
temperature, the hydrometer is inserted in the jar and theread- 
ing is taken. 

While the Beaumé hydrometers should be used at the tem- 
perature for w^hich they are graduated, which is 60 degrees F., 
they answer all practical purposes at any other temperature: 
at 120 degrees F. for iristance. The chief essential is to take the 
reading at some uniform and definite temperature and read the 
Beaumé at that same temperature in the case of every batch. In 
that way the results are comparable. The operator soon learn^ 
that at a given temperature the evaporated milk of proper den- 
sity shows a certain Beaumé reading. When the reading is 
higher or lower, the milk has either been condensed too much or 
not enough. The use of the automatic "striker" described under 
"Striking Sweetened Condensed Milk,'' practically solves the 
control of the temperature of the sample taken. 

The same formula, however, cannot be used under all con- 
ditions. No rule-of-thumb method of determining the density 
can therefore be established. Aside from the degree of conden- 
sation, the specific gravity of the milk varies with locality, season 
of year, quality of milk, etc. This means that what is the proper 
Beaumé reading in one locality, or at one season in the same 
locality, may be entirely wrong in another locality, or at other 
seasons in the same locality. If uniformity in the density and 
behavior of the batches of evaporated milk is to be secured 
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throughout the year, the opcrator must watch the 
behavior of hís milk from day to day and from 
season to season and he must modify the Beaumé 
readini^ in accordance wíth the chang^ing conditions, 
This is one of the all important stages of manufac- 
ture, where relentless and careful study and watch- 
fulness are indispensable. 

In order to make absolutedy sure that the den- 
sity of the evaporated milk is right, it is advisable 
to get it just as near right as possible in the pan 
and then draw the milk from the pan inte a stand- 
ardizing vat, large enough to accommodate the 
entire batch or several batches. The operator then 
tests the milk again and this second estimation he 
can perform more carefuUy, because he is then 
relieved of the responsibility of attending to the 
operation of the vacuum pan. Tí the evaporated 
milk happens to be a trifle too heavy he can dilute 
it with distilled water until the Beaumé reading 
is just right. See also "Standardization," Chapter 
XXIX. For máximum uniformity and accuracy 
of results of determination with the Beaumé hydro- 
meter, or by other means, it is essential that the per- 
centage relation of fat to solids be uniform from 
batch to batch, This uniformity requires standardi- 
zation of each batch. 

Correction of Beaumé Reading at Temperatures 
Other than 60 Degrees F.— At a temperature of 120 
degrees F. the Beaumé reading of the finished batch 
of standard evaporated milk may vary between 
about 6 and 8 degrees B., according to season of 
year and locahty. At 60 degrees F. the Beaumé 
reading is approximately 1.88 degrees B. higher. 

lí it is desired to record the Beaumé reading 
at the correct temperature, i. e., 60 degrees F., and 
- it is not convenient to cool the evaporated milk to 
that temperature, the reading at any temperature 
ourtesyoí "*^y ^^ corrected as follows: when the tempera- 
Mfl.*Oo*"° '""^^ *^ which the Beaumé reading is taken is aboví 
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60 degrees F., multiply the difference between the temperatura 
of the observed reading and 60 by the factor .0313 and add the 
product to the observed reading. 

Example: Beaumé at 120 degrees F. is 6.8; what is the 
reading at 60 degrees F.? 

Answer : 6.8 + (60 X .0313) = 8.68 degrees B. 

The corrected Beaumé reading is 8.68 degrees B. When the 
temperature at which the reading is made is below 60 degrees 
F., multiply the difíerence betWeen the temperature of the ob- 
served reading and 60 by the factor .0313 and subtract the prod- 
uct from the observed reading. 

Calculation of Specifíc Gravity from Beaumé Reading. — In 
order to record the density of the evaporated milk in terms of 
specific gravity, instead of Beaumé degrees, the foUowing for- 
mula may be used : 

145.5 

Specific gravity = , ^-; B = Beaumé reading at 60 

145.5 — D 

degrees F. 

Example: Beaumé reading at 60 degrees F. is 8 degrees B. 
What is thje specific gravity? 

145.5 
Specific gravity = -iaa z o" ~ 1.0582 

Standardizing Evaporated Milk. — As previously suggested it 
is advisable to carry the condensing process slightly beyond the 
concentration desired, so as to enable the operator to readily 
standardize it to the exact point desired by the addition of a 
small amount of distilled water. 

As soon as condensation is completed the contents of the 
pan are drawn into a standardizing vat resting on scales. The 
evaporated milk is accurately weighed; the degree of concentra- 
tion is calculated by divfding the weight of the original fluid 
milk by the weight of the evaporated milk, and the amount of 
water necessary to bring the solids and fat to the exact stand- 
ard desired is calculated, and added to the evaporated milk. If 
it is desired to further check these results, or instead of weigh- 
ing the evaporated milk, it may be tested for fat and solids, and 
the degree of concentration may be calculated by dividing the 
per cent of fat or of solids in the evaporated milk by the per 
cent of fat or of solids, respectively, in the fluid milk. For de- 
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tailed directions on calculations of concentration and on exact 
method for standardizing, the reader is referred to Chapter 
XXIX on "Standardization." 

Chapter IX. 

HOMOGENIZING. 

Purpose. — The object of homogenizing is to avoid the separa- 
tion of the butterfat in the evaporated niilk after manufacture. 

The butter fat is present in milk in the formí of minute 
globules. These fat globules are lighter than the rest of the 
ingredients of the milk. They, therefore, show a strong ten- 
dency to rise to the surface and to form a layer of thick cream 
in the cans. When these cans are subsequently subjected to 
agitation, as is the case in transportation, this cream churns, 
forming lumps of butter. This tendency of evaporated milk to 
sepárate in storage and churn in transportation is especially 
noticeable with milk rich in fat and in which the large fat glob- 
ules predomínate. In Jersey and Guernsey localities, it is more 
difficult, therefore, to manufacture evaporated milk that does not 
sepárate, than in Holstein and Ayrshire localities. While sepa- 
rated and churned evaporated milk. is perfectly sound and in 
every way as valuable as a food, as it would be without this 
separation, it does not sel! in this condition. It is rejected on 
the market. 

This tendency toward fat separation can be minimized and 
•frequently entirely prevented by increasing the viscosity of the 
evaporated miilk. This can be accomplished by superheating the 
milk in the pan or after it leaves the pan, and by prolonging 
the sterilizing process, raising the heat very slowly or stopping 
the reel of the sterilizer at certain stages of the process. How'- 
ever, there are conditions when even these precautions do not 
permanently avoid separation of the fat. In such cases, the 
proper use of the homogenizer furnishes a reliable means to 
guard against this difficulty. 

Principie of the Homogenizer. — The principie of the homo- 
genizer is to forcé the milk under high pressure through exceed- 
ingly small, microscopic openings. By so doing the fat globules 
are broken up so finely that they fail to respond to the gravity 


EVAPORATED MlI,K — HOMOGENIZING 125 

forcé, they cannot rise to the surface and therefore remain in 
homogeneous emulsión. The valué of the homogenizer lies in 
removing the fundamental cause of this separation. It reduces 
the fat globules to such small size that their buoyancy, or grav- 
ity forcé, is not great enough to overeóme the resistance of the 
surrounding liquid. 

The earlier theories concerning the action of the homogen- 
izer were that the milk had to pass through openings so mi- 
nute, that the fat globules, in order to be able to pass through, 
were crushed, torn and divided into mtich smaller units, henee 
their fine state of división in the homogenized milk. 

Later study of the principies of homógenization has revealed 
facts and probabilities which do not bear out the «arlier assump- 
tions. Men who have subjected the construction and operation 
of homogenizers to intensive study claim, that the openings or 
orífices through which the milk passes in the machines in com- 
mercial use when operating at capacity, range in size from about 
.003 inch to .01 inch. If these finding*5 are correct, then it is ob- 
vious that the fat globules and even clusters of fat globules can 
pass through the homogenizer as entire units and without being 
broken up, for the average fat globule measures about .0001 inch 
in diameter. 

It is not improbable that the homogenizing action is very 
similar in its atomizing cause and effect, as that which takes 
place in the spray-drying process, only the homogenizing action 
is more intensive because of the smaller size of the openings 
through which the milk must pass. The atomized spray in 
the spray-drying process is formed, not in the spray nozzle, but 
as soon as the pressure is released, or as soon as the millj 
escapes from the nozzle. 

In the case of the spray-drying process, the atomized spray 
is discharged into a médium of heated air, while in the homogen- 
izing process, the atomized spray is discharged into a liquid 
médium, milk. 

The degree of fineness of the atoms in either case depends 
on the speed with which the liquid passes through the orifice; 
the higher the speed the finer and more minute the atoms. And 
the speed of passage in turn depends on the degree of pressure 
and the size of the orifice. The greater the pressure and the 
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finer the opening. the faster the milk travels through the orífice i 
and in the case of tlie homogenizer. the finer the división of the 
fat globales in the homogenized milk 

The tendencv of fat globules to sepárate out in homogenized 
evaporated milk i-; further rediiced by the fact that the homogen- 
izer also alters the physical conditioii of the casein, tnaking it 
more viscous and thereby increasing the resistance which the 
fat globules miist overeóme in their upward passage. 

The exact changes which the casein undergoes are not well 
understood, but it is not improbable that either the high pressure 
or the vibration, or both, to which the milk ¡3 subjected in the 
homogenizer, bring about a molecular rearrangement oí the 
casein. Possibly these factors cause the lactic acid which is 
increased due to the concentration of the evaporated milk, to 
remove calcium from the casein, leaving a part of the casein 
as free casein which is a solid, and a part oí the casein as casein 
láclate which is in a colloidal state and which is readily hy-" 
drolized. 

The fact remains that. when the homogenizing is done un- 
der relatively high pressure, or when done in a homogenizer 
carrying a spring-loaded valve which tends to víbrate or pound 
the constitnents of the milk, the resulting homogenized milk 
increases in thickness, is more susceptible to the curdling act- 
ing of the heat in the sterilizer and is more prone to "íéather" 
or curdle wben poured 
inte hot coííee. 

The essentiai fea- 
tures of an efficient and 
reliable homogenizer 
are; A high class, high 
pressure, sanitary milk 
p u m p, a resistance 
valve or similar homo- 
genizing arrangemept 
made from material , 
which will not wear ñor 
rust, and a means íor 

a c c u r ately adjusting ^ „ ^ ^^ homo„ni.« 

thlS valve, Courtesy o( Creamery Packs^e Mf«. Co. 
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Kinds of Homogenizers. — There are at thís time three makes 
of homogenizers in use in this country, namely, the "Gaulin" 
homogenizer, the "Progress" honiogenizer anci the "Viscolizer." 

In the Gaulin homogenizer, the milk is forced, by means of 
single-acting pumps, against an agate valve which presses against 
a gróund valve seat. The milk has to pass between the ground 
surfaces of this valve and valve seat. 

In the Progress homogenizer the homogenizing principie 
consists of forcing the milk, by means of single acting pumps, 
between a series of discs with ground surfaces. The discs lie 


rlg. 48. Tha FtOfM*! hODUiraniur 
Courteay oí IMivla-'W&tkina Dalrymen'a lítg, < 


flat one upon the other, they are enclosed in a cylinder and are 
held in place by á rod running through their center. The discs 
are pressed against each other by a heavy spiral screw, which 
regulates the pressure to which the milk is subjected. The milk 
passes from the center to the periphery of the discs. The discs 
used in this machine are of two types. One type has very fine 
irregular grooves. The milk shoots through tíiese grooves 
against hard shoulders. The other type of discs has smooth 
surfaces but their área of contact is narrow. The milk passes 
through these smooth surfaces, 
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The Viscolizer. — This homogenizer is equipped with a cone- 
shaped resistance valve of "Víscolite" metal, throiigh which the 
milk is forced. The 
conical valve has an 
accnrately f i t te d 
giiide in the valve 
seat, for the piirpose i 
of lifting squarelyj 
from the seat and I 
providing an oper- ' 
ing of eqiial dimen- 
sions for the entire 
circumference. This 
valve is regulated by 
a difTerential screw 
mechanism in which 
the travel or advance 
of this screw is rediiced 28 times from its normal pitch, making 
possible a very fine adjustment. One complete turn of the 
handwheel opens or closes the valve approximately to .001 of 
an inch. The milk is torc- 
ed through this valve by 
■a triple pressure pump. 

Operation of the Ho- 
mogenizer. — In order to 
avoid fat separation it is 
necessary to subject the 
milk to enongh pressure 
to reduce the fat globiiles 
to at least one-third their 
original size. If eiiough 
pressure is applied to di- 
vide the fat globules into 
much smaller uiiits there 

is a tendency to also Tis. bi. AtomlilnK Ttlva ana dutcranti»! 
change the properties of *«•" «"""i™ <" «.ooiu» 

the caseill to SUch an ex- Ct,urte«y Ot Vnm Stean, Pump Co. 

tent as to cause it to give rise lo copious precipitation, when the 
evaporated milk is sterilized, and making the finished product 
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curdy and unmarketable. In this case the cure would be more 
disastrous than the original defect. Great care must, therefore, 
be exercised, guarding against Úie use of excessive pressure that 
would injure the casein. Experiments have shown that a 
pressure of between one thousand and fifteen hundred pounds 
per square inch is sufficient to prevent fat separation and is 
practically harmless as far as its objectionable effect on the 
casein in the evaporated milk is concerned. 

The evaporated milk is run through the homogenizer hot, 
just as it comes from the vacuum pan or standardizing tank. If 
the evaporated milk were horaogenized cold, the fat globules, 
instead of being subdivided would unite into butter granules, tVie 
milk would churn. The first pailful of milk passing through the 
machine should be returned to the supply tank, as on the start, 
the pressure is not uniform and homogenization is incomplete. 

The pistons, cylinders, valves and pipes of the homogenizer 
should be kept in sanitary condition. They are difficult to clean. 
After homogenizing, the machine should be kept in operation, 
running water through it, until most of the remnants of evapo- 
rated milk are rinsed out; then hot water containing some 
active alkali should be pumped through ; this should be followed 
by clean hot water and steam. Unless this machine is kept 
scrupulously clean, it may become a dangerous source of con- 
tamination, infecting the evaporated milk with spore forms 
that are exceedingly resistant and which are Hable to pass into 
the finished product alive, in vspite of the sterilizing process, 
causing the goods to be a complete loss, due to subsequent 
fermentation. 

ChaptEr X. 

COOLING. 

In the cooling of the evaporated milk, no attention need be 
paid to sugar crystallization. In this class of goods there is 
plenty of water to keep the milk sugar in ready solution. The 
evaporated milk can, therefore, be cooled as rapidly as facilities 
I>ermit. The cooling may be accomplished in similar ways as 
are used for cooling fresh milk. From the homogenizer the 
evaporated milk is run over a surface cooler, or cooling coil. It 
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is advisable to cover the coits with a jacket of galvanized iron, 
tin or copper, so as to avoid u,ndue contatnination of the milk 
írom dust, flies, and other undesirable agents. In sor'c cf>n- 
denseries the hot evap- 
orated milk is forced 
through double pipes, 
Cold water passing be- 
tween the inner and 
outer pipes, or the coils 
through which the milk 
passes are submerged 
in a tank of cold water. 
The only objection to 
this system is that the 
pipes are more difñcult 
to clean than in the 
case of an open surface 
cooler. Where this sys- 
tem is used, the pipes 
should be equipped 
with sanitary fittings 
so that they can be readily swabbed out from both ends. In 
other factories. the evaporated milk is cooled in revolving cans 
with stationary paddles, similar as described and used for 
sweetened condensed milk, with the exception that cold water 
is run ¡tito the cooling tank at once. In still other factories the 
cooling is done in vats or tanks by means of revolving coils 
which carry the cooling médium. If the evaporated milk is not 
homc^enized, it should be cooled as soon as it leaves the vacu- 
um pan. 

Holding Tanks. — The cooling and holding oí evaporated 
milk may be accomplished in the same series of equipment as 
described and illustrated under cooling of sweetened condensed 
milk, Fig. 38. The tanks for holding this prodnct are preferably 
jacketed. so as to make possible the circnlation of cold water 
or brine, in case the evaporated milk must be held for a consider- 
able number of hoiirs in the holding tank. Some of these tanks 
are equipped with propellers eccentrically located, facilitating 


iS. Sortwi* ooolar for aTKpoMrtsa aillk 
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the agitation oí the contetits and bringing all parts oí the milk 
in direct contact with the cooling snrface. 

In factories where these large glass-liiied tanks are ínstalled, 
each successive batch oí evaporated millt is transíerred, at the 
conclusión of the process of evaporation and homogenization, to 
this large holdíng and cooling tank, where all the batches of the 
same day's make are cooled, mixed and heid until the last batch 


ns B3. Eoldlnr tank for •T^OTAtaiI mllk 

Courtesy of The Ptaudler Co. 

is in the tank, The standardization of Une evaporated milk may 
be deferred, until all the batches oí onc and the same day's make 
have reached the liolding tank and the entíre mixture is then 
standardized to the desired composition by the addition of 
distilled water, skini milk, or cream, according to needs. The 
evaporated milk in this tank is usually cooled to and held at 40 
to 45 degrees F. until next morning, when the fiUing into tins 
commences. See also "Standardization," Chapter XXIX, 
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It should be understood that, at this stage oí the process, 
the evaporated milk is not sterile, ñor dees it contain cañe sugar 
to preserve it, neither is it snfficiently concentrated to be pre- 
served because of the absence oí moisture. If exposed to heat, 
siich as summerheat, or even 
room temperature, ¡ts acidity 
will increase rapidly, thereby 
rendering the subsequent 
sterilizing process difñcult. 
Therefore, u n I e s s it is 
canned and stenlized im- 
mediately after it leaves the 
vacuum pan, or the homo- 
genizer in case it is homo- 
genized, it should be cooled 
promptly to a temperature 
low enough to check bac- 
terial development, 40 to 45 «»■ s*. hmwi aniag nMbín* íor «tep- 

„ orKt«d mllk 

degrees F„ or below. In the court««y <,t Arthur Harria & Co. 

absence of holding tanks or 

vats with refrigerating facilities as described above, the cooled 
evaporated milk ni»y be drawn into 40 quart milk cans, and set 
in the cold room, or these cans niay be subnierged in a tank of 
ice wüter. 

FILLING. 

The cooled evaporated milk i?; filled into tin cans ranging 
in size from eíght ounces to one gallón. The gallón cans are 
URually filled by hand. The filling; of the smaller cans is done 
by automatic filíing machines. 

Of late years mtich progress has been made in the con- 
struction of different types of filling machines for evaporated 
milk. The openings in the cans through which the cans are 
filled range from the Sanitary can, which is filled with the top 
of the can entirely removed, to the venlhole can with an opening 
of not more than one-eighth inch in diameter. The filling ma- 
chines are constructed to fill by gravity, under pressure, or in 
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" These fillinfí ma- 
chines shoiild be flior- 
oughly washed and 
freed from all remnants 
of evaporated milk ad- 
heriría to the valves 
and other parts after 
each iise. Remnants of 
.milk left in any part of 
the filling machine de- 
compose readily and 
impair the wholesome- 
ness and marketable 
properties of the prod- 
iict. This is an impor- 
tant point and one too 
often neglected. Much 
of the spoiled evap- 
orated milk may be the 
resiilt of the use of un- 
sanitary and iinclean 
filling machines. The 

fact, that the evaporated milk is sferilized after it leaves the 
filling machine, is no excuse for unclean filling machines. The 
operator should bear in mind that the 
milk running through an unclean filling 
machine hecomes contaminated with 
milhons of bacteria. The more bacteria 
it tontain.'i, the more difíicult it is to 
render it perfectly sterile. Kurthermore, 
íporeforms are prone to develop iti 
the decaying remnants of milk; these 
spores are very resistant and require 
excessively high sterilizing tempera- 
tures to he destroyed. 

In the filling of the venthole cans 

the foaming of the evaporated milk 

Tig. S8. Tanthoi* omn frequently causes serious annoyance. 
This can be avoided by having the milk 
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at the proper temperature at the time of fiUing. Experience has 
shown that warm milk, or milk with a temperature above about 
60 degrees F. causes more trouble in this respect than cold 
milk. 

With the rapid and general adoption and use among con- 
denseries of a cold storage system, the evaporated milk usually 
has a temperature between 40 and 50 degrees F., when it reaches 
the filler, and at these temperatures the tendency to foam is 
reduced to such an extent that the filling can be done without 
interference or interruption due to foam. 

In order to economize both space and time, it has been 
found advisable to connect the pipe íeeding the filler direct with 
the holding tank. The extent of elevation of the holding tank 
over the filler obviously controls the gravity pressure under 
which the evaporated milk enters the filling machine. If the 
holding tank is located at a high elevation, therefore, the speed 
of filling can be materially increased. 

SEALING. 

The filled cans should be capped and sealed at once. The 
seal must be hermetical and strong enough to withstand the 
strain of the subsequent stedlizing process. With the exception 
of the ''Sanitary can/' seáis without solder have so far proven 
unsatisfactory in the canning of evaporated milk. They are 
prone to weaken in the sterilizer and cause "leakers." Most of 
the cans on the market containing evaporated milk are, therefore, 
sealed with soldér. Sealing evaporated milk cans with solder 
is by far the safest method. For details of methods of sealing 
see Chapter VII. 

For the sealing or tipping of the venthole cans an automatic 
tipper is usually attached to the filling machine, so that when 
the cans leave the filling machine, they have also been sealed. 

It is exceedingly important that the sealing be done per- 
fectly, because even minute leaks cause the evaporated oiilk in 
the cans to become contaminated causing spoilage. In order to 
detect cans with imperfect seáis all the cans, as they come from 
the filling and sealirtg machine, are carefully inspected for leaks. 
This may be done by the use of a test bath consisting of a narrow 
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oblong trough, filled with hot water and through which the cans 
pass on an endless chain. Iii the case of leaky cans, the heat of 
the hot water bath expands the a¡r in the cans and causes it to 
escape through the leak in the seal and perecíate iipward in the 
water in the form of air bubbles. The operator standing over 
the test trough picks the cans which expel air bubbles out so 
that the defective seáis can be mended, 

Most condenseries manufacturing' evaporated milk are now 
using a hot water 
bath for testing the 
seaÍe(J cans. But ex- 
perience has shown 
that the hot water 
baths built on the 
continuous chain 
principie often fail 
to give the desired 
efficiency. This is not 

the fault of the ma- ^ „ <»«»»«. «tom^tio .« u.u> 

chine, but ít is due 
to the fact that it 
becomes very tiresome for the inspector to watch the moving 
line of cans in the water bath and he soon becomes careless and 
his work inefificieiit. It has becn found that baths constructed 
and operated on the principie of submerging a whole tray fiill 
of cans, (usually 24 cans) at a time, give more satisfactory re- 
sults, relieving the monotony and preserving more siiccessfully 
the keenness of observation of the inspector. 

The venthole filler is simple in construction, económica! in 
operation and easily cleaned and kept in sanitary condition. The 
milk, from the time it comes within the range of the filler, is no 
longer exposed to contaminating influences, such as the hands 
of employes, insects, etc. The cans are uniformly filled to within 
one gram of the guaranteed weight and the vents or pin heles 
are automatically sealed with the mínimum amount of solder. 
While the quantity of solder must neceísarÜy vary with oper- 
ating conditions, it is possible to limit the average amount of 
solder, under proper conditions, to 5 ounces per 1000 cans. The 
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fact that the vent hole or pin hole filler opérales by gravity, as 
to both, the empty cans and the inflowing evaporated milk, re- 
duces the human and mechanical error to the minimum, once the 
machine is set for operation. 

The acknowledged advantages of the venthole filler have 
made its general adoption and use rapid and it is estimated that 
'today over 90 per cent of the American evaporated milk is 
being canned by this type of filling machine. 

Chaptkr XI. 

STERILIZING. 

The sealed cans are now ready for the sterilizer. If they 
cannot be sterilized within an hour or two they should be sub- 
merged in ice water or placed iíi a refrigerating room until the 
sterilizer is ready for them. This precaution is especially ad- 
visable in summer. 

Purpose of Sterilization. — The chief purpose of subjecting 
the evaporated milk to the sterilizing process is to kill all germ 
life and, therefore preserve the product perm,anently. When 
the hermetically sealed cans come from the sealing room, their 
contents are not sterile. The only means to preserve this milk 
is to subject it to temperatures high enough to kill all forms 
of ferments, organized and unorganized, vegetative cells and 
spores. The success of the manufacture of this product depends 
to a large extent on the process of sterilization. 

Aside from this, the manufacturer aims to gain another com- 
mercially important condition, namely, to prevent the separation 
of the butter fat. Before sterilization, there is nothing to prevent 
the fat from separating out in the evaporated miilk and from 
churning in transportation, unless the evftporated milk was 
homogenized. The sterilizing process helps to so change 
the physical properties of the milk, that this tendency of the 
fat to sepárate is greatly minimized* The sterilizing tem- 
peratures used, further lend to the evaporated milk a creamy 
consistency and yellowish color, giving the product a semblance 
of richness. 
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Sterilizers. — The predomi- 

nating apparatus used for ster- 
ilizing is a huge. boiler-like, 
hollow, ¡ron cylinder or box. ' 
!t opens either at one end ! 
or on the side. Its interior \ 
is eqiiippcd with a revolving ría- se. 

framework, steam inlet with a aurunM lor «T^poMUd miik 
perforated steam distribufing courtesy ot Arthur Harris & co. 
pipe in the bottom of the steríl- 

izer and extending over the entire length of the sterihzer, a water 
exhaust, a water inlet with a water distribiiting pipe in the 
top of the sterilizer, and running the entire length of 
the sterilizer and a water exhaust. The sterilizer carries on its 
exterior a steam gauge, a vacuum gaiige, a water gaiige, a blow- 
off valve and a high-temperatnre thermometer (registering to 
aboiit 2S0 degrees F.). In sonie makes of sterilizers the interior 
frame-work does not revolve on its axis, but moves back and 
forth by means 
of a direct-act- 
ing. steam- 
driven pistón, 
attached to the 
back end of the 
sterilizer. The 
purpose of 
k e e p i n g the 
cans in motion 
while heat is 
applied. is to 
heat the con- 
té n t s rapidly 

and uniformly, , 

and to prevent | 

the evaporated 
milk from bak- 
ing onto the 
s i d e s of the 
cans. A stül 


138 EVAPORAT^D MlLK — StERIUZING 

other form of sterilizer is the continuous sterilizer in which the 
unsterilized cans pass into and the sterilized cans escape from 
the heating chamber in continuous procession. 

Loading the Batch-Sterilizer. — The sealed tin cans are 
placed in heavy iron trays, usually holding twenty-four 16-ounce 
cans or six 1-gallon cans. The loaded trays are slid and locked 
into the framework in the interior of the sterilizer. The sterili- 
zer is closed with heavy iron doors and the framework is put 
in motion. In some makes of sterilizers the interior consists of 
a large perforated iron box revolving on its axis. In this case 
the cans are simply piled into this box, no trays being used. 

Uniform Distribution of Heat. — Where no water is used in 
the sterilizer during the sterilizing process, it is iniportant that 
there be a free air space between every two layers of cans, so 
as to allow the steam to circuíate freelv and to come in direct 
contact with every can. When the cans are piled into the ster- 
ilizer six to twelve layers deep without any free air space be- 
tween layers, the cans in £he center do not receive as much heat 
as those at the sides, ends, top and bottom. This causes irreg- 
ular heating and imperfect steriíization. 

A satisfactorv means of insurins: even distribution of heat 
is to fill the sterilizer about one-thirdful of water, so that, when 
the sterilizer is in operation the cans pass through this water, 
with each revolution of the frame work. Water distributes the 
heat uniformly, rapidly and there is no danger of the formation 
of air pockets between the cans. Since the heat is applied by 
steam under pressure, the temperature of the water is equal to 
that of the steam in the sterilizer. This precaution is especially 
necessary in the case of baby-size cans (eight ounces) which are 
usually piled in stacks more than two deep. When sterilizing 
in the absence of water there is danger of lack of uniformity of 
the amount of heat they receive. The uniform distribution of 
the steam by the perforated steam distributing pipe in the bot- 
tom of the sterilizer is essential for uniform heating of al! the 
cans. If the perforations in this pipe become enlarged due to 
wear, or in case of an iron pipe due to rusting, or if the cap at 
the end of the pipe happens to come off, the heat distribution 
is bound to lack uniformity. 
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It is advisable and important to establish the efficiency of 
heat distribution in the sterilizer by accurate test. For this 
purpoSe the use of cans equipped wíth automatic thermometers, 
similar to medical thermometers, but registeríng sterilizing tem- 
peratures, may be found practical. Such cans are placed in 
different parts in the cages of the sterilizer at the time the ster- 
ilizer is loaded, and at the conclusión of the procesa these 



ng. eo. 
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thermometers indícate the máximum temperature to which the 
contents of the respective cans were heated. Uníortunately 
these thermometers are not always accurate and often they do not 
function properly. Then again the jars to which they are sub- 
jected in the revolving cage and again when the trays contain- 
ing these cans are removed írom the sterilizer, frequently change 
the position of the merctiry column, rendering its readings un- 
reliable and misleading. 

Another and very simple and reiiable method of testing 
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the sterilizer for heat distribution is to test numerous cans 
from different parts of the sterilizer, after sterilization, for vis- 
cosity by means of the Mojonnier viscosimeter or similar device, 
as described under "Testing Sample Cans for Viscosity," see 
this chapter, succeeding paragraphs. 

Tempcratiire and Time of Exposure. — When the sterilizer 
is filled with the cans and closed, the frame work is set in motion 
and steam is turned into the sterilizer. In order to basten the 
heating and expel all the air, the exhaust and safety should be 
left open until the temperature has risen to 212 degrees F. This 
temperature is usually reached in about ten to fifteen minutes. 
The exhaust and safetv are then closed. 

From this point on, the process m.ust depend on locality, 
season of year and condition, properties and concentratioñ of the 
milk. No formula can be laid down which can be depended on 
to give uniformly s^atisfactory results under all conditions. Ñor 
does the proper sterilization depend on one particular formiula. 
There are numerous ratios of temperature, time of exposure and 
extent of agitation, which when adj usted to local conditions may 
give satisfactory results. The temperature should be high enough 
and the duration of exposure long enough to insure absolute 
sterility of the product and to give the milk sufficient body to 
prevent the separation of the butter fat in subsequent storage. 
The temperature should not be so high ñor the duration of ex- 
posure so long, as to cause the formation of a hard, unshakable 
curd and dark color. 

Sóme processers use a very short process with high tem- 
peratures, others raise the heat gradually and not to quite so high 
a degree. The more gradual heating is preferable, as it gives 
the product a better body and more viscosity, which is neces- 
sary to keep the fat from separating in storage. The author's 
judgment in this matter is, that it is not safe to raise the tem- 
perature to less than 230 degrees F. and it is advisable to heat 
the milk to 234 to 236 degrees F., provided that the milk is in 
condition to stand this heat without formation of too firm a 
curd. Where the máximum temperature to which the milk is 
raised in the sterlizer is 230 degrees F. or thereabout, the raise 
of the last ten degrees should occupy from thirty-five to forty- 
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five minutes, and this time should be about evenly distributed 
over the last ten degrees. 

Of recent years, the practice of stopping the reel of the 
sterilizer, either at intervals or when the máximum temperature 
has been reached, has been adopted by some of the manufactur- 
ers. In this case, the temperature usually is rapidly raised to 
about 240 degrees F., and after keeping the reel running at this 
temperature for a few minutes (about two minutes) the reel is 
stopped and this temj)erature is maintained for from 15 to 20 
minutes, with the cans lying still. When the "hold" is com- 
pleted, the cooling proceeds in the usual way. Some condens- 
eries stop the reel for several minutes once or twice when the 
temperature has been lowered and before it has dropped to below 
212 degrees F. 

When the stop process of sterilizing is used it is advisable 
also to superheat the evaporated milk to about 210 degrees F. 
in the vacuum pan; then cool it to about 140 degrees F. and 
draw it into the standardizing vat where it is standardized to 
the desired point, then it is homogenized, filled and sterilized. 
The superheating can also be done in the standardizing vat 
instead in the pan, by simply blowing steam direct into the 
evaporated milk. 

Mojonnier Bros. Co. recommend that, where the stop proc- 
ess is used, the temperature be raised 3 degrees F. higher (or 
to 243 degrees F.), than when the reel is kept revolving during 
the entire process. They further recommend that the tempera- 
ture be maintained at 243 degrees F. for 15 minutes, during 
the last seven minutes of which the reel be stopped. This 
refers to a **coming-up time" (from 190 degrees F. to 240 degrees 
F.) of 10 minutes. 

This method of sterilizing, by stopping the reel, has the 
advantage of developing in the cans a soft, custard-like coagu- 
lum, giving the product a very heavy consistency and making it 
appear rich and creamy. It represents a form of superheating.. 
however, which if not done with great care, may prove disas- 
trous, causing the evaporated milk to spontaneously thicken and 
become cheesy in consistency upon storage. Most batches of the 
stop-reel process require shaking. 

In his efforts to insure complete sterility the operator should 
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understand that the size of the cans may influence the sterilizing 
efficiency. It takes more time and agitation to sterilize gallón 
cans than small caps. At a time of the year when the milk con- 
tains micro-organisms of relatively high resistance to heat, as 
is often the case especially in fall and winter, the per cent loss 
of gallón cans due to "swell heads" may become disastrously 
large, unless the mannfacturer makes a special eflFort to adjust 
his process for gallón cans. Gallón size cans require about one 
degree F. more heat on a 15 minute run of holding than tall-size 
cans, and tall-size cans require about one degree F. more than 
family- and baby-size cans. 

The installation and efficient use of automatic temperature 
controllers and recorders is of material assistance for securing 
uniform results of sterilization. These accessories are made use 
of in numerous faetones, and ha ve proven to be of valuable 
help to the manufacturer. Aside from the fact that they actu- 
ally do facilítate the temperature control, they automatically 
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make for increased efficiency of the operator. The knowledge 
of the operator that his work is permanently recorded and 
checked up exerts a beneficial eflFect on his performance. 

The operation of an experimental or pilot sterilizer also has 
proven a great help in the accurate determination of the amount 
of heat which the evaporated milk of any batch requires, to 
produce the desired viscosity, body and color and that it will 
stand without becoming hopelessly curdy. These machines are 
of small size, accommodating only a few cans. 

A few sample cans of each batch are placed inthe pilot 
sterilizer and run through the process. Thus the proper process 
to be used for the entire batch in the large sterilizer may be 
adjusted according to the behavior of the contents of the sample 
cans in the pilot sterilizer. 

Qualifícations of the Processer. — The operator, or the person 
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directing' the sterilizing process, shoiild thoroughiy appreciate 
the complexity of the product, understand the -cause and effect 
of the many influencing íactors, study the ever-changing condi- 
tions and modify the process in accordance with prevailing con- 
ditions. He shpuid know that during the exceedingiy hot sum- 
mer days, when the cows suffer from heat and are pestered with 
flies, the milk wijl not stand as miich heat without badly cur- 
dling in the sterilizer as under more favorable conditions. He 
should know that toward and during the fall months the organ- 


isins normally present in milk are more resisfant and require 
higher heat to be destroyed, thar. earlier in the season. 

Rapid and Uniform CooUng. — As soon as the required heat 
has been given the milk in tíie sterilizer, the steam should be 
turned off and the exhaust and drain should be opened. When 
the temperature has dropped to ahout 220 degrees F., cold water 
should be turnad into the sterilizer while the cans are constantly 
in motion, until the cans are cool enough to handle. There 
should be enough cold water available to reduce the tempera- 
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ture to 70 or 80 degrees F. in twenty minutes for gallons and in 
ten to fifteen minutes for small size cans. The water pipe should 
be so arranged as to distribute the water uniformly over the 
entire length of the sterilizer. 

If the process is to be successful, the processer müst have 
as nearly perfect control of the heat as possible. This means 
especially, that there must be plenty of water available to insure 
rapid cooling and the water must be distributed over the cans 
uniformly. 'Insufficient water supply and uneven distribution 
of the water in the sterilizer, means that some of the cans are 
exposed to the sterilizing heat longer than others, causing lack 
of uniformity in the smoothness and color of the milk of different 
cans of the same batch. Delayed cooling, owing to insufficient 
water supply, has the further disadvantage of causing the cans , 
to bulge badly, owing to the difference in pressure between the 
interior and exterior of the cans. This is especially noticeable 
in gallon-size cans^ the ends of which may become badly dis- 
torted, present an unsightly appearance and their seams and 
seáis may be weakened to the extent of producing ''leakers." 
Excessive bulging and injury to the cans can be avoided by 
admitting to the sterilizer a sufficient quantity of compressed 
air at the conclusión of the sterilizing process, to take the place 
of the steam pressure and thereby equalizing the pressure be- 
tween the outside and inside of the cans during the cooling 
process. 

Practíonal Sterilization. — In the early days of the manu- 
facture of evaporated milk the product was sterilized by frac- 
tional sterilization. This method has now been largely aban- 
doned, but is occasionally used when the milk happens to be 
in very abnormal condition. The milk is heated in the sterilizer 
to considerably lower temperatuJ^ than those stated above, and 
this heating is repeated on two or three successive days. The 
principie of this process is to kill all vegetative forms of bac- 
teria during the first heating. This gives the spores a chance 
to develop into vegetative forms by the second and third days, 
which forms are then destroyed during subsequent heating. This 
system of sterilization is not practical for general use. It is too 
great a tax on the capacity of the average factory and increases 


EVAPORATED MlLK — StERILIZING 145 

the cost of manufacture. It should, therefore, be made use of 
only in exceptional cases, when it is known that a certain batch 
of milk could not be put through the higher sterilizing tempera- 
tures without causing the product to become permanently curdy. 

Standardization of Properties that Influence Behavior of 
Evaporated Milk toward Heat of Stcrilization. — In the foregoing 
discussion of the sterilizing process no mention was made of 
methods to standardize the behavior of evaporated milk toward 
the sterilizing heat. It was clearly pointed out that, in the 
absence of such methods, it is impossible to lay down any one 
formula for sterilization that would give uniformly satisfactory 
results under diverse conditions of the product to be sterilized. 
The chemical, physical and physiological properties of milk are 
ever changing, and even slight changes in these properties often 
cause wide variations in the amount of heat the product will 
stand in the sterilizer. This in turn necessitates constant changes 
and modifications pf the process, if a marketable product is to 
be the resxilt. Too much must be left to the judgment and 
power of observation of the processer and this situation ob- 
viously results in excessive numbers of defective batches and 
in costly losses and wastes. 

The standardization of evaporated milk for percentage of 
fat and solids alone materially assists in narrowing down the 
range of variations in the behavior of the milk in the sterilizer, 
but it fails to adequately control those properties which have 
the greatest influence on the sensitiveness of this product toward 
sterilizing heat. This problem has confronted the manufacturer 
of evaporated milk from the very beginning of the industry. 
Much experimental work has been done in an effort toward its 
permanent solution, but the results have largely been of local 
and temporary success and usefulness only. 

Within recent years the Mojonnier Bros. Co. of Chicago 
have developed and have furnished the industry with a simple, 
practical and systematic method and suitable equipment, for 
controlling the properties of this complex product with such 
a degree of accuracy that the adoption of a standard sterilizing 
formula has become feasible and practicable. 
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THE HOJONNIER METHOD OF EVAPORATED MILK 
CONTROL. 

Principie of Method. — This method briefly consists oí the 
following outstanding features: 

1, The adoption of a standardized process of sterilization 
designed and adapted for evaporated milk of superior qiiality 


Courtesy of Mojón n 1er Bros, Co. 

for processing. This process provides a very narrow range of 
variation of temperature and of time of exposure, in order to 
limit the personal factor with its inevitable uncertaintíes to the 
ininitnum. 
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2. A standard method of determining, by means of a pilot 
sterilizer, a viscosimieter and a color test, the proper viscosity 
and color that the evaporated milk should have when it comes 
from the sterilizer; and 

3. A standard method of determining the amount of bicar- 
bonate of soda that must be added to any given batch to evap- 
orated milk in case its properties are such, that it is unsafe to 
subject it, without such treatment, to the temperature condi- 
tions that fall within the range of the st^ndardized process of 
sterilization. 

Equipment for Mojonnier Method. — The equipment designed 
for this method of evaporated milk control, is illustrated in 
Pig. 65, and consists of the following apparatus: 

1. One pilot sterilizer with motor, complete 

2. 2 viscosimeters 

3. 1 venthole sample can filler 

4. Glassware for making up and measuring sodium bicarbon- 
ate solution 

5. 1 torsión balance 

6. Open-top cups and venthole tin cans. 

Preparation of 10% Sodium Bicarbonate Solution. — The bi- 
carbonate of soda is used in this test in the form of a 10 per 
cent solution. This solution is prepared as follows: 

1. Weigh empty bottle to .01 ounce 

2. Add 3 ounces bicarbonate to bottle 

3. Add 27 ounces warm water to bottle. 

Shake thoroughly until the bicarbonate is all dissolved. 
Draw out as needed into dispensing bottle, filÜng the samie not 
over half full. Keep remainder tightly corked in the stock bottle 
until needed. Should the bicarbonate crystallize out, prepare 
a new lot. The above solution contains exactly 10 per cent 
sodium bicarbonate. 

Adding the Sodium Bicarbonate Solution to Sample Cans. — 
Arrange in a row üyq open-top cups, marked — X-1-2-3-4 respect- 
ively. These cups are furnished with the Controller. Cup 
marked X is blank, to which no bicarbonate is added. To cup 
marked No. 1 add one charge of sodium bicarbonate from the 
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dispensing burette. This is the amount contained between the 
upper two graduations on the burette. To cup marked No. 2 
add two charges, to cup No. 3 add three charges, to cup No. 4 
add four charges. Dispensing burette furnished with the con- 
troller indicates how the above quantities are to be added; the 
burette is graduated into four sepárate charges. The unit with 
one single charge contains the equivalent of one ounce of sodium 
bicarbonate, to one thousand pounds of evaporated milk. Each 
successive charge is a múltiple of this unit. In dispensing the 
bicarbonate solution, it is best not to fill the bottle more than 
half full. When filling the burette, the solution should be 
allowed to flow into it slowly in order not to trap in the air. If 
air is trapped into the burette, it is difficult to remove it, and 
in such a case it is best to run out whatever solution may be in 
the burette and to put in a new supply. 

Whenever the quality of the milk is very abnormal, it may 
be necessary to add more than above indicated number of 
charges of bicarbonate solution to the sample cans. In such 
cases any múltiples of the above number of charges may be 
added. The ratio of ounces of bicarbonate to one thousand 
pounds of milk will remain the same, being increased simply by 
the number of charges added to each sample can. 

Preparation of the Five Sample Cans for the Sterilizer. — 

After the five open-top cups have been treated with bicarbonate 
as indicated in the preceding section, they are transferred to the 
Torsión Balance and exactly six ounces of milk is weighed into 
each cup. This can be done by taring the entire set of empty 
cups, and then weighing six ounces of evaporated milk into each 
sepárate cup. 

One set oí five empty cans is now marked in the same man- 
ner as the cups to which the bicarbonate solution was added, 
namely as follows : X =: can containing no bicarbonate ; 1 = can 
containing equivalent of one ounce bicarbonate per thousand 
pounds of evaporated milk; 2 = can containing equivalent of 
two ounces per one thousand pounds of evaporated milk; 3 =^ 
cfin containing equivalent of three ounces per one thousand 
pounds of evaporated milk, and 4 ^ can containing equivalent of 
four ounces per one thousand pounds of evaporated milk. 

Next the contents of the five open-top cups are transferred 
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to the five tin cans in the order above indicated This is done 
by placing the cans in pairs, under the two-can venthole filler, 
furnished with the Controller, and the cups with the milk and 
bicarbonate marked correspondiñg to the empty cans, are now 
emptied into *the filler. Care must be taken to keep the cans 
in the proper order. 

After filling, the cans are tipped, iising preferably rosin 
solder. Should none of this solder be available, then great care 
must be exercised not to let any of the flux from the zinc chloride 
solder enter the cans. Zinc chloride flux has a very bad eflFect 
upon tihe milk, and will completely change the results. 

Sterilizing the Five Sample Cans. — The five samiple cans, 
prepared as above directed, are now ready for the sterilizer. 
Place these in the cage and fasten the lid securely, and also turn 
down the screws in order to hold all of the cans securely into 
place. Adjust the cage in the sterilizer by means of the thumb 
screw on the right hand side, in order to keep them from having 
end play. Cióse the sterilizer door securely so that no steam 
escapes during the sterilizing process. 

Be sure to provide circulation of the steam through the 
vent on the pipe surrounding the thermometer. ^This little vent 
should be kept open during the entire sterilization operation. 
Fin the small pilot sterilizer with water to a point half way 
upon the gauge glass. Be sure to turn on the switch to start 
the motor in operation. Open the "steam. start valve" and take 
five minutes to let the heat reach 190 degrees F. or 3 on the ster- 
ilizer seale. Then let the heat come up gradually from 190 de- 
grees to 240 degrees F. or from 3 to 8 on the thermometer, taki'ng 
one minute for each 5 degrees as indicated in the following table : 


Actual Temperature 

Actual Readingr 

Point at whlch Mercury 

in 

upon 

should be at any griven 

Fahrenheit Degrees 

Thermometer Scale 

time comingr up 

240° 

8 points 

20 minutes 

230° 

7 points 

18 minutes 

220° 

6 points 

16 minutes 

210° 

5 points 

14 minutes 

200° 

4 points 

12 minutes 

190° 

3 points 

10 minutes 
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Where sterilizing is done with steam only, withooit using 
superheated water, it is recominended to take twenty minutes 
for coming up. The above table is arranged upon this basis. 
The table, however, can be readily adapted to a system requir- 
ing fifteen minutes for coming up, by taking five minutes to 
come up to the point marked 10 upon the table, or to 190 de- 
grees F. 

It is also recommended that in the pilot sterilizer, the sam- 
ples be cooked to 243 degrees F. and that the "jump*' from 230 
degrees to 243 degrees be made in two minutes. It is very 
important to know the exact second when the mercury column 
reaches 243 degrees. The milk should be held at this tempera- 
ture for fifteen minutes to the exact second.- 

Cooling the Five Sample Cans. — The instant the clock shows 
that the samples have been sterilized as indicated above, both, 
discharge valve and' cold water valve should be opened simul- 
taneously. It is best to cool the five samples to about 75 de- 
grees F. This should take not to exceed five minutes, depending 
upon the temperature of the water available. This,is something 
each operator must judge for himself. 

Testing the Sample Cans for Viscosity. — As soon as the 
sample cans are cooled in the sterilizer, as indicated above, 
the cans are dried on the outside and are then opened and 
each can is placed in the proper position in the viscosimeter 
rack. It will be noticed that tl\e same scheme of marking the 
spaces upon the viscosim.eter rack has been observed as in the 
case of marking the cans. It is very desirable to cool the sam- 
ples to as nearly 75 degrees as possible. If this is not done, 
the viscosity should be corrected for temperature, using the 
scale of corrections that is furnished with the viscosimeters. 
Make the viscosity test as follows : 

(a) Diflferent sizes of balls are furnished, corresponding to 
the product that it may be desired to test for viscosity. A special 
viscosity ball is furnished in the case of evaporated milk, and 
this is not interchangeable with any other ball for this purpose. 
Therefore, see that the proper ball is being used. 

(b) Fasten one end of the wire in the knurled nut upon the 
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top oí the bent support, and the other end in the dial. Adjust 

the vertical position of 

the dial by raising or 

lo w e r i n g, until the 

small lug on the bottom 

of the dial is in the 

proper position to 

engage the trip upon 

the right-hand side of 

the stand. 

(c) Adjust the hor- 
izontal position of the 
dial until zero degrees 
is in a line with the 
pointer upon the front 
oí the frame when the 
dial is balancéd in -the 
air. Center the dial in 
the open circle by 
meitns of the adjusting 
screws on the under 
side of the frame. Make 
a test for viscosity dí- 
rectly in the baby-size 
cans. Properly center 
the can by means of the 
aiitomatic arrangement 
provided for that pur- 
pose. As already in- 

dicated, be sure to „,. „_ KoJ<ami.r TUoo«im.ttt 

Watch the temperature courteay of Molonnier Bros. Co. 

factor very closely. 

(d) Lower the bal! into the can of milk ; turn the dial clock- 
wise one revolution; stopping when zero degrees upon the dial 
is in line with the pointer upon the front of the frame. Hold 
the dial in place by means of the lug and trip. When ready, 
sharply, reléase the trip, note the degree where the dial stops, 
Just before it starts upon the return round. This will occur 
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^_^ ^tAOlNC CANfttTAKLN 
WHtN RCLtAatO,|j5,p|^tiT AT POINTtR. MAGWFYtlt^ 
Dial f?C.VOLVL5 IN I CLA&5 OVLR PQlNTLR ^M^J^fift 
Thia CXRECTIOM accurac*. 

ng. 67. 

ICojoimtor-DoollttU ▼iscoslm^ter dial, 
8Tadiutt«d to 300° 

Courtesy of Mojonnier Bros. Co. 

É 

Table for Correcting Viscosity of 


after the dial has made one 
complete, and part of the 
second revolution. The de- 
gr^e at which the dial stops 
will represent the viscosity 
of the sample. The greater 
the viscosity, the larger the 
degree reading will be. 

Record the viscosity of 
each of the sample cans 
tested, as indicated above.' 
Further instructions will fol- 
low as to the method of ap- 
plying the information thus 
obtained. 

Evaporated Milk to 75° F.* 


STERILIZINQ ROOM 


PACKINO ROOM 


Take 


Add 


Add 

Take 


Add 


Add 

Temp. o([ 

Temp. 

on 

Temp. 

on 

Temp. off 

Temp. 

on 

Temp. 

on 

Deg. Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

F. R.« 

P. 

R. 

P. 

R. 

P. R. 

P. ' 

R. 

P. 

R. 

65 25 

76 

2 

89 

24 

60 15 

75 



88 

10.0 

66 22 

77 

4 

90 

25 

61 14 

76 

1 

89 

10.5 

67 19 

78 

6 

91 

26 

62 13 

77 

2 

90 

11.0 

68 16 

79 

8 

92 

27 

63 12 

78 

3 

91 

11.5 

69 13 

80 

10 

93 

28 

64 11 

79 

4 

92 

12.0 

. 70 10 

81 

12 

94 

29 

65 10 

80 

5 

93 

12.5 

71 8 

82 

14 

95 

30 

66 9 

81 

6 

94 

13.0 

72 6 

83 

16 

96 

31 

67 8 

82 

7 

95 

13.3 

■73 4 

84 

18 

97 

32 

68 7 

83 

7.5 

96 

13.6 

74 2 

85 

20 

98 

33 

69 6 

84 

8.0 

97 

13.9 

75 

86 

21 

99 

34 

,70 5 

85 

8.5 

98 

14.2 


87 

22 

100 

35 

71 4 

86 

9.0 

99 

14.§ 


88 

23 



72 3 

73 2 

74 1 

87 

9.5 

100 

14.8 


Importance of Proper Viscosity. — The viscosity of evapo- 
rated milk determines the body and permanency of the emulsión 
of the fat and other solid and liquid constituents of the prodúct 
and it further determines the extent to which the evaporated 


^ Courtesy of Mojonnier Bros. Co. 

^ R means degree retardation or viscosity. 


EVAPORATED M1I.K — MOJONNIER C0NTROLI.ER 153 

milk may be expected to withstand the sterilizing heat without 
danger of curdling in a manner that would render the product 
unmarketable. 

The purpose of the viscosity test, of sample cans having 
passed through the pilot sterlizer or controller is, to 'determine 
whether the evaporated milk of the entire batch, without treat- 
ment will safely pass through the adopted, standard sterilizing 
process, or to what extent this process must be modified, or to 
what extent the product, before sterilization must be treated 
with bicarbonate of soda to secure a good body, and at the same 
time insure freedom from the formation of a permanent curd 
when applying the standard sterilizing process. 

A certain degree of viscosity in evaporated milk is desirable 
and necessary in order to give the product a good body and to 
prevent the separation of the butter fat. ♦ 

But, as the viscosity increases a point is reached beyond 
which it is not safe to go, because of the danger of the formation- 
of a permanent curd that renders the product unmarketable. 

The increasing viscosity is due to a change in the physical 
properties of the protein constituents of evaporated milk result- 
ing from the action of heat. The earlier stages of these changes 
are desirable, because they result in a product of good body and 
of increased stability of emulsión. An excessive continuation 
of these changes precipitates the proteins in the form of visible 
particles of curd which, if permanent, spoil the product for the 
market. 

Factors which Influence the Viscosity and their Correlation 
to the Sterilizing Process. — The extent to which heat increases 
the viscosity of evaporated milk is dependent on many and vary- 
ing conditions, such as acid of milk, natural stability of proteins 
in milk as related to their behavior toward heat, degree of con- 
centration of evaporated milk, degree of heat applied in fore- 
warmer, amount of extraneous water in evaporated milk, degree 
of heat in the sterilizer, duration of exposure to sterilizing heat. 
The resistance of the proteins to heat, as aífected by these sev- 
eral conditions and factors, can be modified and largely con- 
trolled if necessary, by the treatment of milk that has an ab- 
normally low resistance to heat, with definite, small quantities 
of bicarbonate of soda. 
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the milk 


The viscositv test therefore furnishes a measure of the 
resistance of any given batch of evaporated milk toward steril- 
izing heat. But in order to enable the operator to correctly 
interpret the results of this test and to correctly govern his 
method oí handling the evaporated milk according to these 
findings, he should have a clear understanding of the correlation 
of the several factors that influence this resistance to heat and 
that affect the viscositv. 

With reference to the direction (increase or decrease of 
viscosity) in which these several factors influence the viscosity 
and the tendency to curdle the evaporated milk, the following 
general facts should be known: 

Factors that fl. high per cent acid in milk 
increase the vis- 2. low stability of proteins 
cosity and the J 3. high concentration of evaporated milk 
tendency to curdle^ 4. high sterilizing temperature 

5. long exposure to sterilizing temperature 
^ 6. high pressure in homogénizer 

^1. low acidity in milk 

2. great stability of proteins 

3. low concentration of evaporated milk 

4. low sterilizing temperature 

5. short exposure to sterilizing heat 

6. high temperature in forewarmer 

7. extraneous water in evaporated milk 

8. low pressure in homogénizer 

9. addition of bicarbonate of soda 

"^ 

The exact quantitative relation of most of these factors to 
one another and to the viscosity of the evaporated milk has been 
experimentally determined by Mojonnier Bros. Co. for evapo- 
rated milk standardized to 7.8 per cent fat and 25.5 per cent 
total solids as follows: 

A 40 degree retardation or viscosity as determined by the 
Mojonnier viscosimeter corresponds to: 

1. One degree F. in sterilizing temperature at the holding 
point of 240 degrees F., when held for 15 minutes and with the 
same '*coming-up" time as given undef ^'Sterilizing the Five 
Sample Cans." This means that each degree F. above 240 de- 


Factors that 
decrease the vis- 
cosity and the -< 
tendencv to curdle 
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grees F. under above conditions of holding increases the retarda- 
tion or viscosity 40 degrees. 

2. One minute of time at holding temperature of 240 de- 
grees F. This means that each minute of holding at 240 degrees 
F. longer than 15 minutes increases the retardation or viscosity 
40 degrees and each minute of holding at 240 degrees F. less 
than 15 minutes decreases the retardation or viscosity 40 degrees. 

3. Two degrees F. on temperature to which milk is heated 
in hot well under 212 degrees F. This means that for every 
two degrees F. below 212 degrees F. in the hot well the retar- 
dation br viscosity is increased 40 degrees'. 

4. 20 pounds of extraneous water per 1000 pounds of evap- 
orated milk. This means that the addition to or presence in 
evaporated milk of 20 pounds of extraneous water per 1000 pounds 
of evaporated milk reduces the retardation or viscosity 40 
degrees. 

5. One ounce óf solid sodium bicarbonate per 1000 pounds 
of evaporated milk. This means that the addition to the unster- 
ilized evaporated milk of one ounce of bicarbonate of soda 
per 1000 pounds of evaporated milk reduces the retardation or 
viscosity 40 degrees. 

6. When using the abóve correlation of factors as a guide, 
it should be borne in mind that, with evaporated milk of a 
higher degree of concentration the influence of these several 
factors on the retardation or viscosity is altered and intensified. 

The Correct Viscosity for Evaporated Milk. — The experi- 
mental study of the viscosity of evaporated milk by Mojonnier 
Bros. Co. has further demonstrated that a considerable portion 
of the viscosity, as determined immediately after the evaporated 
milk comes from the sterilizer, is lost during the handling to 
which the product is subjected from the time it leaves the ster- 
ilizer and until it is ready to leave the shipping department, 
and again in transport until it reaches the consumer. Also the- 
extent of this loss of viscosity is governed somewhat by the tem- 
perature of the milk while it is so handled ; the higher the tein- 
perature the greater the sacrifice in viscosity. 

Accordingly it has been found that for domestic trade a 
retardation or viscosity of 150 degrees is the correct viscosity 
for evaporated milk just as it comes from the sterilizer. For 
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export purposes the viscosity should be higher, around 200 
degrees. 

A 150 degrees viscosity of evaporated milk immediately 
after sterilization is equivalen! to a viscosity of from about 
80 degrees to 100 degrees by the time the milk is ready to leave 
the shipping department, and this represents about the correct 
viscosity for the summer months. For the winter months the 
viscosity should not exceed about 80 degrees retardation. Ex- 
cessive viscosity invites the "feathering*' or curdling of the evap- 
orated milk when used in hot coffee or when diluted with hot 
water. 

Adding Sodium Bicarbonate to Batch of Evaporated Milk. — 
As soon as the controller and viscosimeter tests are completed, 
the batch of evaporated milk is ready to be filled into the tin 
cans. In case it is necessary to add sodium bicarbonate, the 
following procedure is recommended : 

For convenience sake we will assume that can No. 2 in 
the test showed the correct viscosity, as represented by a retar- 
dation of 150 degrees. To this can had been added sodium 
bicarbonate on the basis of two ounces per 1,000 pounds of milk. 
The entire batch of milk containing 24,000 pounds evaporated 

24,000 X 2 
milk, henee Tñriñ ~ ^^ ounces of solid sodium bicarbonate 

are carefully weighed out. This amount of bicarbonate is con- 
veniently placed into a 10-gallon milk can, a small amount of 
water is added and preferably also a small amount of evapo- 
rated milk. This mixture is then heated to a vigorous boil, 
which can easily be done by means of the steam. hose. The 
boiling should be continued until the greater part of the gas 
generated has been expelled. 

The hot mixture is now added to the entire batch of evapo- 
rated milk in the holding tank. It should be added slowly and 
the evaporated milk should be kept thoroughly agitated, not 
only while the bicarbonate is added but for from 10 to 20 min- 
utes after its addition. 

Adjusting Sterilizing Process to Different Sizes of Cans. — 

As stated elsewhere in this chapter, different sizes of cans 
require different sterilizing formulas to insure complete steriliza- 
tion, and a similar effect has been found also with reference to 
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viscosity. Thus, tall size cans require one degree more heat 
on a 15 minute run of holding* than the baby size cans. Henee 
if the record for a 'baby size batch of evaporated milk calis for 
15 minutes at 240 degrees F., for tall size cans, the same batch 
would have to be held for 15 minutes at 241 degrees F. 

Irregularities in the Reaction and Results of Sodium Bi- 
carbonate. — Generally speaking the Mojonnier formula above 
given for the use of Bicarbonate of Soda yields reliable results 
There are occasionally conditions, however, when the evaporated 
milk fails to react normally with this ingredient and may yield 
results exactly opposite those anticipated. Instead of reducing 
the viscosity of the milk, it increases the viscosity. Abnormal 
cases of this type suggest that the physical and possibly the 
chemical make-up of the casein may have undergone material, 
though not as yet well understood changes. 

Such abnormal conditions may be the result of improper 
forewarming of the milk, the use of excessive pressure in the 
homogenizer, excessive heat in the sterilizer, mixture of briift 
with the evaporated milk due to leaky coils in the cooler, or 
unbalanced relation of the protein and ash constituents of the 
original milk. See also Chapter XXIII, "Defective Evaporated 
Milk'' under *Xumps of Curd in Evaporated Milk.'' 

Should Bicarbonate of Soda or any other Chemical be Used 
at all? — The foregoing directions for the use of the Mojonnier 
Controller and Viscosimeter should not be interpreted to mean, 
that this volume advocates the use of bicarbonate of soda in 
the manufacture of evaporated milk. In fact the availability 
of this equipment and of these tests materially facilitates the 
manufacture of evaporated milk without the use of sodium 
bicarbonate. 

It is important to realize, however, that the use of sodium 
bicarbonate for the purpose of facilitating the process of ster- 
ilization has been pretty general for many years prior to the 
introduction of Mojonnier equipment and methods. It has be- 
come a fairly well established practice, accepted by the industry. 
Its abuse cannot be too strongly condemned and its promis- 
cuous use in the absence of a systematic, scientifically controlled, 
correct method, is prone to invite its abuse. 
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While, in principie, the use of bicarbonate of soda in a 
product such as evaporated milk cannol be unconditionally 
recommended, its proper and correct use, where necessary, has 
proven a decided benefit to the industry, reducing the occurrence 
of unmarketable thoiigh otherwise perfectly good batches of 
evaporated milk to the minimum, and thereby avoíding unnec- 
essary economic loss. It is a matter of choosing the lesser of 
two evils. 

Irregularities in the behavior of evaporated milk toward 
the sterilizing process, that render the product unmarketable are 
largely due to changes and differences in the chemical compo- 
sition and physical and physiological properties of the milk. 
Some of these changes are under the control of the milk pro- 
ducer on the farm, others are under the control of the manufac- 
turer and still others are uncontrollable. 

The conditions vvhich can and should be controlled by the 
producer refer largely to sanitation in the production and care 
of milk, prompt and proper cooling, frequency of delivery, pro- 
tection against heat in transit, health of cows and rejection of 
colostrum milk. The condensery must insist on cleanly pro- 
duction, on proper cooling of the milk on the farm, on daily 
delivery at the factory (some condenseries, especially those in 
Europe receive their patrons' milk twice daily), on the proper 
temperature of the milk upon arrival at the factory, on the proper 
disposition of milk from sick cows and of milk too cióse before 
partiirition, and too soon after calving. Much of this can be 
accomplished by a rigid system of milk inspection on the plat- 
form and frequent visits by the inspector to the patrons* farms. 
In the case of rail shipments the milk often is in transit too 
long to arrive at the factory in the best condition. 

The factors under control of the factory, which influence 
the behavior of the evaporated milk toward sterilizing heat, refer 
to sanitation in all departments where milk is handled in the 
plant and to uses or abuses of the milk in manufacture. All 
equipment with which milk comes in contact must be kept in a 
perfect state of cleanliness as outlined earlier in this volume 
under ''Factory Sanitation.'' The handling of two days' milk 
must be discontinued, the evaporated milk must not be held 
excessively long in the storage tanks, and if held at all, it must 
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be cooled to a low temperature. All abuses of milk along these 
and similar lines are bound to cause trouble in the sterilizer, 
which is avoidable and unnecessarv. 

Finally there are factors which are not under control but 
which' also exert a very marked influence on the behavior of 
the product toward sterilizing heat at times. These are invari- 
ably associated with changes in the period of lactation, changes 
in feed and climatic conditions and their eífect on the amount and 
proportion of the protein.and ash constituents of milk, as ex- 
plained in Chapter XXIII, ''Defective Evaporated Milk, Lumps 
of C"urd/' These conditions are not only not controllable, but 
their effect on the milk is not determinable by any now known 
practical method of analyses. 

Proper attention to the controllable conditions will go far 
in making unnecessary the use of bicarbonate in evaporated 
milk and will at least confine its use, when necessary, to very 
small amounts. When these conditions have been conscientiously 
taken care of and, in spite of these precautions, certain batches of 
milk, because of the above named eífect of uncontrollable fac- 
tors, require the use of bicarbonate in order to insure safe ster- 
ilization and to avoid loss, then the emergency justifies and 
sound judgment and business efficiency demand recourse to 
methods that the helping hand of science has made available, 
so long as these methods do not impair the wholesomeness and 
food valué of the product, although their ethics, in principie at 
least, cannot be approved for general practice. See also "EfFect 
of Relation of Mineral Constituents of Milk," Chapter XXIII, 
"Defective Evaporated Milk/' 

SHAKING. 

Purpose. — The purpose of shaking the evaporated milk is 
to mechanically break down the curd that may have been formed 
in the process of sterilization and to give the contents of the cans 
a smooth and homogeneous body. 

The high temperatures to which the evaporated milk is sub- 
jected in the sterilizer have. a tendency to coagúlate the casein. 
In the case of normal, fresh milk the casein coagulates at a tem- 
perature of 269 degrees F. In the evaporated milk, made from 
perfectly normal and sweet, fresh milk, the casein curdles at 
much lower temperatures, and the higher the ratio of concentra- 
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tion, the lower the temperatiire required to precipítate thé 
casein. It seems that the concentration of the milk intensifies 
the properties of milk to coagúlate when subjected to hcat. This 
factor is probably in part at least due lo the increase of the per 
cent of lactic acid in the cvaporated milk, due to the concentra- 
tion. If the fresh milk contains .17 per cent lactic acid, a con- 
centration of two and one-foiirth parts of fresh milk to one part 
of evaporated milk causes the evaporated milk to contain .17 
X 2.25 = .38 per cent lactic acid. With this amount of acid 
acting on the casein, it is not difficiilt to nnderstand why a coag- 
ulum is often formed in the 
sterilizer. While the formatior» 
of this coagulum may be partly 
avoided, under certain condi- 
tions it appears in every fac- 
tory and there are more batch- 
es. especially in summer, that 
come from the sterilizer coag- 
ulated than otherwise. 

In this condition the product is not marketable. Some means 
must be provided, therefore, to break up this curd and reduce 
the contenta of the cans to a smooth, homogeneous and creamy 
body. For this purpose a mechanical shaker is used. 

Method of Shaking. — The shaker consists of one or more 


heavy fron boxes, i 
boxes are at- 
tached to an 
eccentric. The 
trays filled 
with evaporat- 
ed milk cans 
are f i r m ly 
wedged i n t o 
these boxes. 
When the 
shaker is in 
operation, the 
cans are shaken back and forth 
the cans to be broken up. 


1 crates made of black iron pipes. These 


■iolently, causing the cnrd i 
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Speed of the Shaker. — If the shaker is to períorm its work 
properly, it must have long enough a stroke and run fast enough 
to cause rnost vigorous agitation. The stroke should be not less 
than about two and one-half inches and the eccentric should 
revolve not less than three hiindred to foiir hundred times per 
minute. In order to accomplish this without wrecking the ma- 
chine, the shaker must be fastened seciireiy to a solid foundation. 

From one-fourth to two minutes' shaking is usually suffi- 
cient to completely break down a soft cvrd. When shaking íor 
five minutes does not produce a smooth milk, the product is 
usually hopelessly curdy and no amount of additional shaking 
uill remedy the defect. 

In some cases it ' 

has been possible, how- 
ever, to improve the 
curdy product by shak- 
ing again after a day 
or two. Under certain 

conditions, age seems --^ — - - - ^ ^ 

to have a slight mel- rig. 70. srapontaa miik t»i^'«d utuXn 
lowing effect On the Courtesy or Schaefer Mfg. Co. 

curd. 

Pormation of Curd not Desirable ñor Necessary. — It should 
be understood that the processor should aim to get only a very 
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slight and soft curd in his product, that can be shaken out in 
the shaker in one-fourth to one-half minute. When the curd 
produced is firm, even prolonged shaking will not prevent the 
appearance in the finished product of specks and small lumps 
of curd. Such milk is rejected on the market. 

The formation of curd during the sterilizing process is not 
desirable and is not necessary as far as the marketable properties 
of the evaporated milk is concerned. It is unavoidable, however, 
under many conditions and as long as it can be confined to a soft 
curd that readily shakes out, no harm is done. 

INCUBATING. 

From the shaker, the cans are transferrcd to the incubating 
room. This is a room with a temperature of 70 degrees to 90 
degrees F. The evaporated milk remains there ten to thirty days. 
The purpose of incubation is to detect defective milk and de- 
fective cans before they leave the factory. If the contents of 
any of the cans have not been complétely sterilized, or if any 
cans have the minutest leak, the evaporated milk therein will 
spoil within the time of incubation. Such milk either sours, 
curdles or becomes solid, or it undergoes gaseous fermentation, 
causing the appearance of "swell heads." The more nearly per- 
fect the process of sterilization and the better the construction 
and seal of the cans. the fewer are the spoiled cans. This incu- 
bation process is strictly a preventative measure. It is omitted 
in many faetones where the cans are labeled, packed and ship- 
ped to their destination at once, or put in ordinary storage in 
the factorv. 

« 

Chapter XII. 

PLAIN CONDENSED BULK MILK. 

Defínition. — This is an unsweetened condensed milk made 
from whole milk, or partly, or wholly skimm'ed milk, condensed 
in vacuo at the ratio of about three or four parts of fluid milk to 
one part of condensed milk. It is usually superheated to swell 
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and thicken it, and it has the consistencv of rich cream. It is 
sold in 10-gallon milk cans to ice cream faetones and in milk 
bottles to the direct consumen Plain condensed bulk milk ¡s 
not sterile, ñor is it preserved by sucrose. Its keeping quality 
is similar to that of a high quality of pasteurized milk. 

Quality of Fresh Milk. — The sweeter and purer the fre&h 
milk or skim milk, the better will be the quality of this product. 
Oíd milk, orskim milk in which the acid development has made 
considerable headway, tends to form a lumpy plain condensed 
bulk milk. However, since this milk is not subjected to steriliz- 
ing temperatures and is used up quickly after manufacture, the 
quality of the fresh milk fromi which it is made, is not of such 
magnitude as in the case of evaporated milk. 

Heating. — In the manufacture of plain condensed bulk milk 
the heating is accomplished much in the same manner as in the 
case of sweetened condensed milk and evaporated milk. The 
milk is usually heated by turning steam direct into it; though 
many of the more efficient types of milk and cream pasteurizers 
could be used to excellent advantage for this purpose. 

It is advisable, however, to heat this milk only to about 150 
to 160 degrees F. in order to secure a nice **liver" (coagulum), 
when it is superheated in the pan. If the milk is heated to the 
boiling point in the forewarmers, it does not respond to the 
superheating in the pan as satisfactorily. 

Condensing. — ITie condensing of plain condensed bulk milk 
is done in the vacuum in a similar manner as described under 
evaporated milk, except that the evaporation is carried farther. 
See also "Campbell Process*' and **Condensing Milk by Continu- 
ous Process." 

Superheating. — ^When the condensation is nearly completed 
the milk in the pan is superheated. This is accomplished by 
shutting off the steam to the jacket and coils, closing the valve 
that regulates the water supply of the condenser, stopping the 
vacuum pump and blowing steam direct into the milk in the pan, 
for the purpose of swelling and thickening it. During this proc- 


164 Plain Condknsed Bulk Milk 

^^k^^^ ess the temperature rises to 

^m^^^ -• hetween 180 and 200 de- 

jgUiMW '¿ree'i F. When- the milk 

^S^^^^^ lias beciine siifficiently 

thick or, in the language 
of the processor, has pro- 
diiced ihe "proper liver" 
(coagulum) the steam is 
shut off. water is again 
, . turned into the condenser 

and the vacuum pump is 
started iip. As soon as the 
vacuum has risen to from 
twenty-five to twenty-síx 
inches and the temperature 
has dropped to about 130 
degrees F, the process is 
complete, the vacuum is 
released and the condensed 
milk is drawn off. The 
«». Ts. ■npwh«t« superheating usually oc- 

Courúey ot C. B. Roger« '""P'^^ ^''"U* twenty-five 

to thirly minutes. 
The completion of the superheating, or the point when the 
superheating should cease, may also readily be detected by the 
examination of a sample of the iiroduct. As soon as the con- 
densed milk begins to show a flaky condition of the curd, the 
purpose of superheating has been accomplished. The amount of 
superheating necessary and that the milk will stand, will largely 
depend, asíde from the sweetness of the original milk, on the 
extent of the cqncentration. The higher the ratio of concentra- 
tion, the less superheating is requíred to secure the desired 
results. 

Striking.-^The striking. or sampliiig and testing for gravity 
is donéivíth' á Beaumé hydrometer, the same, or a similar ene, 
as is used for evaporated milk. The scaie should extend to 18 
degrees Beaumé. The hatch should be *truck before and aíter 
superheating. 

Faetones which standardize their prodnct to a certain estab- 
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lished density, usually condense the milk to a point slightly 
beyond that desired. Then, after superheating, they determine 
the amoiint of water required to reduce the finíshed product, and 
then add the required amount of water before the condensed milk 
is cooled. It is advisable to use destilled water for this purpose. 

Ratio of Concentration. — The ratio of concentration varies 
largely with the fat content of the milk, although the localily 
and season of year are also influencing factors. Whole milk is 
condensed at the ratio of about three parts of milk to one part 
of condensed milk, while the ratio of concentration for skim 
milk is about 4 to 1. The proper density varíes somewhat with 
locality and season of year. Roughly speaking, whole milk has 
reached the proper density when the Beaumé reading at 120 de- 
grees F. is about 10 degrees B. and skim milk has reached about 
the proper density when the Beaum.é reading at 120 degrees F. 
is about 14 degrees B. When the ratio of concentration exceeds 
4 to 1, there is danger of gritty condensed milk due to the pre- 
cipitation, in this concertrated prcduc't, of crystals of milk sugar 

m 

Cooling. — The plain condensed bulk milk is- usually drawn 
into 40 quart milk cans, placed in cooling -tanks containing re- 
volving cogwheels, as described in Chapter VI, under *' Cooling 
Sweetened Condensed Milk," and is cooled to as near the freez- 
ing point as facilities permit. 

Recently this crude and laborious method of cooling has 
been superseded in many of the larger condenseries by more 
modern ways. While the plain condensed bulk milk becomes 
too thick and sluggish during the process of cooling to make 
possible the use of surface coolers, and internal-tube coolers, it 
can be readily cooled in vats cquipped with revolving discs, or 
in horizontal coil vats especially constructed for this purpose 
and in which the lower part of the vat is constricted and the coil 
sets very low in this constricted part, so as to agitate the milk 
vigorously and at the same time preyent the incorporation of air, 
by being completely submerged, or in circular vats equipped 
with a vertically suspended coil. The vertical coil vat has the 
further advantage in that it eliminates from the milk, all bear- 
ings and glands and it expels, rather than incorporates, air, 
from the condensed milk. 

When cooled the condensed milk is readv for the market. 


166 Concentrate:d Mii,k 

Jf held iii the factory, it should be placed in a cold room or 
should be otherwise protected against temperalures sufficiently 
high to cause it to sour. When kept at 40 degrees F. or below 
the danger from souring is largely eliminated. If transported 
long distances during warm weather, it should be shipped in 
refrigerator cars. 

Chaptkr XTII. 
CONCENTRATED MILK. 

Definition. — Concentrated milk is cow's milk, either whole 
milk, or partly or whoUy skimmed milk, condensed at the ratio 
qf three to four parts of fresh milk to one part of concentrated 
milk. It is not condensed in vacuo, but in open vats by passing 
currents of hot air through the milk. It is sold largely in pint 
and quart bottles for direct consumption. It is not sterile and 
therefore keeps for a limited time only. Its keeping quality is 
similar to that of a high grade of properly pasteurized milk. The 
process by which the concentrated milk is manufactured is 
known as the *' Campbell Process." This process was invented 
by J. H. Campbell of New York City, in 19C0 and patented in 
1901. 

Apparatus Needed. — The principal parts are: the evapo- 
rating vat with hot water jacket and coils, and air blast regis- 
ters or nozzles near the bottom of the vat ; an air blower which 
furnishes the air blast; an air heater through which the air 
blast passes and from which the heated air is conducted into the 
milk; a water pump circulating hot water through the jacket 
and coils; an auxiliary evaporating tank for completing the 
evaporation ; and a spray pump which throws the spray of milk 
drawn from the bottom of the main evaporating vat into the 
auxiliary tank and for transferring the partly condensed milk 
from tank 1 to tank 2. 

Opcration of Campbell Process. — The milk is heated to about 
ICO degreés F. and allowed to ñow into evaporating tank 1. 
Water at temperatures ranging from 100 to 125 degrees F. is 
forced through the coils and jacket. Hot air is then passed into 
the milk. The temperature of the air is regulated so as to keep 
the temperature of the evaporating milk down to 120 degrees K. 
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on the start, and to finish the evapora tion between 90 and 100 
degrees F. The air blast is so intnxliiced as to keep the milk 
along the heating surface of the jacket and coils in circulation 
and, therefore, prevent largely the baking of the milk on the 
heating surface. After the milk has been evaporated to a certain 
degree of concentration, say 2:1, it is transferred to the auxiliary 
evaporating tank where the condensation is completed. This 
transfer is not necessary, but is resorted to solely as a conve- 
nience, in order to continué treatment of the reduced bulk of 
material in a smaller tank and leave the larger tank free for 
treating a fresh batch of milk, and further, because there are 
no obstructing coils in the auxiliary tank, interfering with the 
drawing off of the finished and thick condensed milk. In this proc- 
ess, as now used, the milk is usually first separated and the 
skim milk only is condensed. The cream is subsequently added 
to the condensed skim milk. 

Advantages and Disadvantages of Campbell Process. — The 

initial cost of installing the necessary machinery is much less 
than where vacuum evaporation is practiced. The low heat 
applied makes it possible for the finished product to retain the 
properties of raw milk, leaving the albumenoids and lime salts 
in their original and easily digestible form and preserving the 
antiscorbutic vitamines in active form. 

This process is a])plicable only in the manufacture of un- 
sweetened cqndensed milk. Unless subsequently sterilized, tJic 
product will keep for a short time only. This process has at the 
present time onlv verv limited use. Tt can hardlv be considered 
as an importa nt branch of the condensed milk industry. 

ClIAPTKR XIV. 

CONDENSING MILK BY CONTINUOUS PROCESS. 

The processes of condensing milk described in preceding 
chapters, are exclusively confined to the intermittent or batch- 
principle of evaporation. That is in the case of the vacuum pan. 
the fresh milk runs into the pan uníil the capacity of the pan is 
reached and no condensed milk leaves the pan until the con- 
densation of the entire batch is completed. Then the pan must 
be emptied before more milk can be drawn in. In a similar man- 
ner, in the Campbell process, evaporation of the entire batch 
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miist be completed before any oí the fiíiished prodiict leaves the 
evapnrating vat or tank. The operatinn in either case is iiiter- 
mittent and not continuous. 

Of more recent years, equipment and processes have heen 
developed that make possible continuous operation. That ís. the 
fresh milk enters tlie machine and the condensed milk leaves it 
simultaneousiy and continuousiy. So far three types of continu- 
ous machines have been perfected snliñcientíy to make them com- 
mercially practical and usable, namely the Buílovak Rapid Cir- 
ciilation Evaporator, invented and mannfactured by the Buffalo 
Foundry and Machine Co., Buffalo, N. Y., the Continuous Con- 
centrator, invented by the Ey-Products Recovery Co., Toledo, 
Ohio, and mannfactured by the Creamery Package Manufactiir- 
ing Co.. Chicag^o, and the Riiff Condensing Evaporator, manu- 
factiired by The Cream Production Co.. Fort Hurón, Mich. 

BUFLOVAK RAPID CIRCULATION EVAPORATOR. 

This type of 
Evaporator has been 
developed from the 
standard return-flue 
tubular boiler and 
adopted for the spe- 
cial purpose oí han- 
dling foamy and del- 
icate liqíiors. 

Construction, — 
Tile Ruflovak Rapid 
Circnlation Evapora- 
tor con.sists of a 
horizontal cylindric- 
al vapor body. To 
tliis is bolted an in- 
c 1 i n e d cylindrical 
steam-chest. 

The vapor bcwly 
is equipped with a 
baflle píate which ex- 
teiids across its cyl- rig. 73. tim Bnflov«k r»p« oHonifttiou «TaporKtor 

indrical part and Courtesy ot Butralo Foundry & MacUlne Co. 
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leaves openings at both ends of the vapor body for the vapors to 
escape, the ends or heads of the vapor body being dished out- 
ward. The vapor body also carries the milk inlet, vapor outlet 
and spy glasses. 

The steam chest which is attached to the lower part of the 
vapor body, is divided by a solid partition into two compart- 
ments. The upper and larger compartment is filled w^ith tubes 
which are expanded in the fíue-sheets, closing both ends. The 
tubes themselves are open at both ends. They are two inches 
in diameter and from six to eight feet long. The lower and small 
compartment, called the downtake, is entirely open at both ends. 
The steam chest is equipped with a steam inlet, a liquor outlet 
and a condensation outlet or drip. The steam is around the 
tubes and the milk is inside the tubes. 

Operation. — This machine is operated under vacuum of from 
26 to 28 inches mercury column, the vapor outlet being connected 
with a condenser and vacuum pump. 

The fluid milk enters the vapor body and flows down into 
the bottom of the downtake of the steam chest, from where it 
rises in the tubes and finds its level. The level of the milk in 
the tubes is kept low, the coefficient of the heat transmission 
being highest when the milk level in the tubes is about one- 
third of the tube length above the lower flue-plate, and it is 
regulated by automatic float controls in the larger machines. 
The steam that is turnea into the steam chest, causes the 
milk in the tubes to boíl. The vapor thus arising from the 
milk, together with a portion of the milk, rises and passes 
through the upper part of the tubes at a very high speed, 
and is thrown with great forcé against the ribs of the baffle 
píate which extends across the whole cylindrical length of the 
vapor body. 

The liquid or condensed milk returns through the down- 
take to the lower part of the steam chest where it escapes from 
the niachine. The vapor passes at both ends of the bafíle píate 
into the vapor space above and from there through the entrain- 
ment separator for reclaiming escaping milk, and then to the 
condenser attached to the outlet of the vapor body. 

The upper part of the tubes becomes covered with a climb- 
ing film of milk. -This together with the high speed of the 
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milk in the tiibes (100 feel per second or more) increases the 
capacity of the healing snrface. and the small amount of milk 
in circulation, together with the lovv level oí the milk in the 
tiiljes. rodtices the possibility of ínaming, confining the foam to 
and breaking it iip in the npper part of the tubes where film 
evaporation takes place. 

The escape of the coiidensed milk is continuous and the 
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Courtesy of Súfralo Foundry and Machina Co. 

degree of concentration is cuntrolled by a valve regulating the 
oiitlet. The condensed milk runs by gravity frora the steam 
chest into a reservoir located under the evaporator. In this case 
the reservoir must be under the same vacinim as the evaporator. 
In some cases it is recommended to have an intermedíate storage 
tank removing the condensed milk from the evaporator by a spe- 
cially constructed steam pump. 
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THE CONTINUOUS CONCENTRATOR. 

The inflow of the fluid milk and thc oiitflow oí the con- 
densed milk are cotitiniioiis. The milk is condensed under atmos- 
pheric pre.ísure at 212 degrees F. A rapidly revolving agítator 
throws the milk in a thin film against the steam-heated and coii- 
tiniioiisly poHshed periphery of a jacketed copper drum. Ey 
keepiíig the lieating surface clean and bríght, and the milk 
rapidly moving, tl\e power of the milk to absorb and titÜize heat 
is grcatly aiigmented and the rapidity of evaporation increased, 

Description of Continuous Concentrator.— The contiiiuoiis 
concentrator consists of a hollow copper drum. The copper shel! 
is surronnded by a steam jacket which is insulated. The spacc 


between inncr sbell and jacket is about one inch. 

This drum carnes in its interior, a revohing dasher with 
foiir or more blades, according to the size of the machine, and 
similar to an ¡ce cream freezer or a flash pasteurizer. The edge 
oí these blades comes ín direct contact with the inner snrface 
of the shell whích is the heating surface, so that whén revolving, 
each blade constaiitly removes from the heating surface any 
r,iilk that adheres to it. 

The blade.s are prcssed against the heating surface by the 
centrifugal forcé that is generated when the machine is in mo- 
tion. The arms to which the blades are attached are eqiiipped 
with stops that control, thetr pressure against the heating sur- 
face so as to insure continuous and uniform pressure. The shaft 
which carries the dasher passes through the front and rear heads 
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of the concentrator and carries a piiUey l^ack of the rear head, 
to which the power is transmitted. 

The rear of the concentrator terminates in the exhaust 
chamber of the condensed milk vapors, which escape through a 
galvanized ¡ron, flue to the outside. Tlie vapors are not con- 
densed by water, but escape into the atmosphere. The rear wall 
is equipped with the intake of the fluid milk, In order to perniit 
the milk to feed the concentrator by gravity, without necessitat- 
\ng inconveniently high elevation of the forewarmer, the intake 
is located at the bottom. 

In the front head, in cióse proximity to the periphery of the 
concentrator is located the outlet of the condensed milk. Its 
distance from the inside wall of the concentrator determines the 
thickness of the film of condensed milk that is allowed to form 
on the heating surface, and the amount of milk that is retained 
in the concentrator. According to the amount of superheating 
intended, this film may vary from í to i inch in thickness and 
the amount of milk retained in the machine may vary from 6 
to 12 quarts. 

The front head is equipped with a covcr which is fastened 
to the rim with screw bolts and which carries a spy glass through 
which the operator may watch the process. At the conclusión 
of the operation this cover is removed and the dasher and blades 
are taken out, so that both the shell and the dasher can be 
readily washed. Over the top of the concentrator extends the 
steam line, a 3 inch pipe, with H inch laterals, supplying the 
steam jacket, and insuring uniform distribution of heat. The 
steam line is also equipped with regulator and steam gauge. At 
the bottom of the concentrator is located the exhaust and regu- 
lating ¿rip yalve. 

The cQntinuous concentrator is constructed of diverse sizes 
and capacities, the most common of these sizes are the following: 


Diameter 

Length 

Capacity per Hour 

whcn Concen- 

trating at the 

Ratio of 3:1 

Boiler Capacity 

Required 

H. P. 

3 feet 
3 feet 
3 feet 

4 feet 
3 feet 
2 feet 

7000 Ibs. 
3000 Ibs. 
2000 Ibs. 

100 H. P. 
80 IT. P. 
40 H. P. 
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Speed of Agitator.— ^The proper speed of the continuous 
concentra tor is expressed in terms of rim speed, that is the 
distance which the blades travel per minute. It has been found 
that the rim speed which is sufficient to move the film of milk 
in the miachine properly, is about 2500 feet per minute. In order 
to insure a rim speed of 2500 feet per minute, the blades ¡n,a 3. 

2500 . 

foot diameter machine must revolve ^ ^ , , — =: 265 times per 

3x3.14 ^ 

minute. In a six foot diameter wheel, the same rim speed would 

require ^ ^ ^ , — 133 revolutions per minute of the spider. 
^ 6x3.14 ^ ^ 

Again, it has been found that the blades should be not more 
than about 2i feet apart. A three foot diameter concentrator, 
therefore, requires four blades while concentrators with larger 
diameter require a larger number of blades in order to keep the 
distance between blades within the limit of two and one-half 
feet. 

Operation of Continuous Concentrator. — The operation ol 
the continuous concentrator is simple and the ratio of concen- 
tration of the product can be regulated as desired. 

Heating of Milk. — Similar as in case of evaporation in 
vacuo, it is desirable, if not necessary, to heat the milk before 
it enters the concentrator. This not only increase^ the capacity 
of the machine, but it also prepares the casein in the njllk for 
the superheating to which the milk is subjected in the concen- 
trator. Any method of forewarming or preheating may be used 
for this purpose, but since the milk flows to and through the 
concentrator, in a continuous stream, itis preferable to also use 
a forewarmer of the continuous type. The milk should be heated 
to about 185 to 200 degrees F. and the forewarming* should be 
so arranged that the milk is exposed to this temperature for 5 
to 10 minutes before it enters the concentrator. 

Condensing. — ^^The concentrator is steamed, the parts of.the 
agitator are assembled and installed in their proper place, the 
cover is securely bolted over the opening in the front head and 
the machine is ready for operation. Before starting the agitator 
a small amount of milk is permitted to flow into the concentrator 
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so as to prevent the blades from running over the dry heating sur- 
face, ciiUing- the copper. Simultaneously with the starting of the 
agitator the steam is turned into the jacket and then the milk 
intake valve is opened. 

The steam pressure on the jacket is kept uniform, preferably 
at 40 to 50 Ibs. of steam. This machine evaporates the milk at 
atmospheric pressure. The temperature of the milk in the con- 
centrator therefore, is practically the same as that of boiling 
water — -212 degrees F. — at the sea level and varíes only with the 
altitude of the location. The ratio of concentration is regulated 
by the rate of the m(ilk inflow. As the milk inflow is increased, 
the ratio of concentration is reduced, because the amount of 
evaporation being constant, a smaller proportion of the water is 
taken out of the milk. 

The density is determined by the use of the Beaumé hydro- 
meter. If the density is greater than desired, more milk is 
allowed to flow into the machine. Tf the density is lower than 
desired the inflow of milk is reduced. 

Cooling of Condensed Milk. — From the discharge spout the 
condensed milk is run over a continuous cooler from which it 
escapes ready for packing in whatever form it is intended for. 
The disc continuous cooler has proven very suitable for this 
purpose. 

No subsequcnt superheating of the concentrated milk is 
necessary. This product can be made of any consistency desired, 
regardless of concentration, according to the thickness of the 
film that is allowed to form in the concentrator, and this in turn 
depends on the distance of the discharge from the periphery of 
the machine. 

THE RUFF CONDENSING EVAPORATOR. 

Principie of Machine and Process. — In the "Ruff Condensing 
Evaporator,'' similar as in the "Continuous Concentrator/' the 
condensing is accomplished by the film principie, but in the Ruff 
machine the heating surface consists of one or more steam-heated, 
revolving drums, and atmospheric air is blown through the milk. 
This machine is appHcable both, for continuous evaporation 
and for condensing in batches. 
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Constructíon.^The Ruff Condensing Evaporator consísts 
of the follow- 
ing three miain 
parts : 

1. A vat or 
t a n k holding 
the milk to be 
conde nsed, and 
equipped with 
cover. The 
body of this 
tank is of Steel 
sheathing. lin- 
ed on thé inside 
with t i n n e d 
copper, The 
cover or top is 
f i 1 1 e d with 
doors. 

2. O n e o r ng. n. m* BnC ■Tfl*-fpr «rftpaMtav 

more S t e a m- Courtesy o( The Cream Production Co. 

heated hollow 

cylinders which revolve in the tank horizontally. These cylin- 
ders are constructed of special steel, highly polished. They are 
equipped with tinned bronze scrapers which remo\;e the film oí 
milk from the heating snrface, The cylinders are fitted with 
a device íor the automatic remova! of the condensed steam, facil- 
itating the continuous heating with dry steam and therby in- 
hanciiig the rapidity of evaporation and augmenting the capacity 
of the machine. 

3. An arrangement for blowing atmospheric air into the 
lower part of the tank, causing it to rise up through the milk 
and to escape from the tank. 

4. Accessories. — The entire unit further comprises such 
accessories as a dial thermom«ter, high pressure blower with 
pipe connections from fan "to evaporator and automatic return 
boiler feed pump, complete. 

Operatíon. — The milk is preheated to 145 degrees F. The 
hot milk mns into the tank by gravity, or is pumped in. In the 
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xiase of continuous evaporation the milk is kept at a constant 
level, the lower part of the revolving cylinders dipping ¡tito it 
and picking up a film which is automatically scraped off with 
every revohition of the cylinders. 

At the same time air is blown through the hot milk, further 
assisting in the evaporation and also remo\^ing gases and other 
volatile substances from tba milk. 

During operation the^^Bplving cylinders are charged with 
40 pounds of steam and the temperature of the milk is held at 
about 145 degrees F. 

The process of condensing can be carried to almost any de- 
gree of concentration and the desired degree of density is deter- 
mined in a similar manner as in the case of evaporated milk 
and plain condensed bulk milk. 

' • Capacity. — This machine is constriicted in several sizes, 
with capacities ranging from 900 pounds to 8000 pounds of 
raw milk per hour, based on a ratio of concentration of two 
to one, as shown in the following specifications : 


1 

Model No. 
19M 

Nomber óf 

Steam 
Gsrlinders 

2 

2 

■4 ■' 

2 

6 ■ 

2. 

.7. 

4 

8 

. 6 


Api>roximate 
Floor Spaoe 


3'x5' 
S'xlC 
4'xl4' 
5'xl4' 
7'xl4' 


Oállons 

Tank' 

Capacitar 


Pounda Capacity 
Condensing 
Baw Milk 

2 to 1 per Hour 


175 
300 
500 
600 
1000 


900 
1800 
2700 
5400 
8000 


AddltloDtl H. P. 
Bequired for 
Blower «nd 

Eraponttor Qrl- 
Inden 


4 

7 

10 

20 

30 


B«qttlnd 
Bollar 

CajMdty 
H. F. 


15 

30 

40 

80 

120 


Quality of Products from Continuous Concentrators and 
Evaporators.--When properly operated and when using a good 
quality of raw material these continuous concentrators and film 
evaporators yield a product of excellent flavor and good quality, 
especially suitable for the manufacture of ice cream, but also 
applicable for the manufacture of sterilized evaporated milk, 
condensed biittermilk and condensed whey. 

Chapter XV. 

CONDENSED BUTTERMILK. 

The valtie of buttermilk as a part of the féed ration for 
chickens, laying hens, pigs and hogs has long beén recogtiized 
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and its use for feeding purposes is rapidly growing. Buttermilk 
not only contains protein and carbohydrates of high quality and 
great digestibility, but it has biological properties that stimiilate 
growth and gain in weight, and it exerts a physiological action 
that makes for a healthy condition of the intestinas, becausé 
of its lactic acid content. 

Chicken feeders have found it invaluable in their efforts to 
accomplish máximum growth and gain in weight of the growing 
chicks, and because of the superior quality of the meat of butter- 
milk-fed fowl. And extensive experiments with laying hens 
have conclusively demonstrated that buttermilk makes for in- 
creased tgg production. 

For similar reasons buttermilk, when properly balanced with 
Qther feed, is a most valuable hog feed. In fact it is the founda- 
tion of a good hog and is becoming a more and more indis- 
pensable part of the ration for growing pigs and fattening hogs. 

Compositíon of Buttermilk.^ 


Gonstitufints 

in 
Buttermilk 


From Bipened Cream 


Water 

Fat ....;.... 

Casein 

Albumin .... 
Milk Sugar. .. 
Lactic Acid . . 
Ash 


Van 
Sljrke 


90.6 
.1 

2.8 
.8 

4.4 
.6 
.7 


Btoicfa 

% 


90.93 
.31 


) 


3.37 

4.58 

.81 


Snrdar 

* 


90.5 
.2 

3.3 

5.3 

.7 


% 


90.39 
.50 

3.60 

4.06 

.75 
.80 


Fleisch- 

laní 

% 


From Sweet Cream 


91.30 
.50 

3.50 

4.00 
.70 


Stoich 

% 


89.74 
1.21 

3.28 

4.98 
.79 


Bleh- 
moad 

% 


90.98 
.35 


I 


3.51 

4.4? 
.01 
.73 


Specific grávity of sweet-cream buttermilk 1.0331. 

Specific gravity of sour-cream buttermilk 1.0314. 

Caloric valué 165. 
.. Since the great bulk of butter is manufactured during the 
summer season, the main supply of buttermilk is confined to the 
summer months. In summer the output of buttermilk far exceeds 
the demand for this product and m'uch of it goes to waste for 
lack of a suiíable market for it. In winter, on the other hand, 
the output? of buttermilk is small and insufficient to supply the 
demand. :'' 


1 Húnziker, The Butter InduBtry, 1920. 
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In order to stop this waste of buttermilk in sunxmer, to utilize 
it economically and profitably and to equalize the supply 
throughout the year, some of the large creameries of the coun- 
try have found it practicable and profitáble to condense the sur- 
plus buttermilk. Information from chicken feeders and hog 
feeders shows that, when re-diluted to the consistency of the 
original buttermilk, this condensed buttermilk gives equally as 
satásfactorv results as the fresh buttermilk. 

Prior to the great war the market valué of buttermilk and 
of condensed buttermilk was considered too limited to justify the 
relatively high manufacturing expense, incident to the concen- 
tration of buttermilk by evaporating from it a large portion of 
its water. Rut the food and feed shortage, together with the 
high prices brought about by the war and since the war, neces- 
sitated the more general use of byproducts and raised the valua- 
tion of buttermilk to figures that render its manufacture into 
condensed buttermilk highly profitáble. 

Manufacture. — There are several methods whereby butter- 
milk can be and is being commercially reduced in volume. The 
most common of these are: Removal of water by gravity, re- 
moval of water by centrifugal separation, removal of water by 
evaporation, either in vacuo or under atmospheric pressure. 

Removal of Whey by Gravity. — Much of the so-called con- 
densed buttermilk that reaches the market is not the result of 
evaporation of a portion of the water contained in the butter- 
milk, but is produced by permitting the curd to settle by gravity 
and then drawing off and rejecting the whey. 

In this case the fluid buttermilk is pumped into a wooden 
tank, either a horizontal vat or a vertical stave tank. The tank 
usually contains several outlets with gates, located at different 
heights, to facilitate the removal of the whey. The tank may 
or may not be equipped with steam pipes for heating. The but- 
termilk is heated to boiling point in these tanks either by blow- 
ing live steam. into it, or by running steam through the pipes 
installed in the tank. This heat is maintained for several hours. 
This causes the casein to contract and settle to the bottom in the 
form of fine particles of curd, leaving on top a clear whey. This 
whey is drawn off through the gates located above the stratum 
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of curd. The residue, consisting largely of casein, water and 
some lactic acid and milk sugar, represents the condensed butter- 
milk. The concentration, or more correctly speaking, the reduc- 
tion in volume thus offered, is at the ratio of about 4 to 5 parts 
of fluid buttermilk to one part of condensed buttermilk. It is 
obvious that in this form of concentration all of the valuable food 
elements of the buttermilk are not reclaimed. Most of the milk 
sugar and much of the lactic acid escape with the whey and are 
lost. However, the equipment required for this process is very 
simiple and inexpensive and the process requires no special 
knowledge on the part of the creamery personnel. 

Concentration by Centrifugal Separation. — For many years, 
efforts have been made to remove the water from the buttermilk 
by centrifugal separation. Machines are now on the market and 
in use, in which the curd of the buttermilk collects on the walls 
of a revolving basket while the whey is centrifuged out. These 
machines are similar in principie to the well-known laundry 
centrifuge. They have been successfully used by creameries 
that are engaged in the manufacture of buttermilk cheese. Their 
operation. however, is intermittent only. When the basket filis 
up with the curd, the machine must be stopped and the curd 
removed. 

For the purpose of handling large volumes of buttermilk 
daily, these centrifuges are obviously not wéll adapted. They 
are too limited in capacity, in speed and in volume of per- 
formance. Efforts to devise a centrifuge for continuous opera- 
tion, similar to the cream separator, have so far failed. The spe- 
cific gravity of the curd in the buttermilk is so nearly like that 
of the whey, that the centrifugal separator refuses to discharge 
a liquid rich in curd and one of practically clear whey. Exper- 
iments by the author have demonstrated that, no matter how 
the outlets of the discharges are adjusted, both liquids have prac- 
tically the same composition. 

Evaporation in Vacuo. — ^This method for condensing butter- 
milk is rapidly gaining in favor and today vast volumes of but- 
termilk are concentrated in this manner. The equipment used 
and the method of operation are principally the same as those 
used in the manufacture of condensed milk and evaporated 
milk, The buttermilk is condensed in the vacuum pan. 
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Equipment Necessaiy to Condense from 5000 to 6000 Pounds 
of Buttermilk per Hour: 

2 wooden buttermilk storage tanks, capácity 10,000 pounds 
each, for ripening the buttermilk; 

1 6-foot vacuum pan with condenser; 

1 vacuum pump, vacuum cylinder 18 inches diameter and 
20 inches long; if stefam driven, steam cylinder, 12 inches diam- 
eter and 12 inches stroke ; 

2 hot wells, 5 feet diameter and 3 feet deep, with 3 inch out- 
let in bottom, and equipped with brass heater arrangement. 

Boiler capácity, 150 H. P. 

Water requirements. 123 i^allons per minute. 

OPERATION. 

Ripening of Buttermilk. — The buttermilk should be sour. 
the sourer the better, because : 

1. The acidity facilitates the process of manufacture. The 
curd in sweet or only slicrhtlv sour buttermilk is viscous ajid 
sticky. It adheres to the coils and sides.of the pan and its action 
during the condensing process is sluggish, retarding evaporation, 
reducing the capácity of the pan and increasing the cost of 
manufacture. 

If the buttermilk is sour, these handicaps are greatly mini- 
mized, Upon subsequent heating the curd in the sour buttermilk 
contracts, loses much of its viscosity and stickiness, and adheres 
less readily to coils and sides of the pan. The sour buttermilk 
is more fluid, boils more vigorously and therefore condenses 
more rapidly. 

2. High acid conten t is necessary in order to give the con- 
densed buttermilk satisfactory keeping quality. The finished 
product is not sterile, ñor is the temperature at which it is held 
in storage sufficiently low to inhibit bacterial action and prevent 
decomposition. The acidity is essential to preserve this product. 

3. High acid is advantageous for feeding purposes, The 
acid in the buttermilk keeps the fowls, pigs and hogs in healthy 
condition, and makes them thirsty. They drink more water, 
which is a valuable asset for best results. 
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If the buttermilk comes from svveet cream butter or from 
neiitralized cream churnings. it is usually not sufficiently sour 
for ready handline^ and rapid evaporation. It therefore sho-uld 
be allowed to ripen before it is used. For this purpose it is held 
in wooden storage tanks for one or more days, where it aitto- 
matically develops acidity due to the lactic acid bacteria with 
vvhich it is usually teeming*. For most satisfactory operation the 
buttermilk should have an acidity of approximately .6 per cent. 
In som.e cases it may be necessary to inocúlate it with lactic 
acid starter in order to insure the desired acid development. 

Heating the Buttermilk. — From the ripening tanks the but- 
termilk is drawn or pumped into the hot wells, where steam is 
turned direct into it until the temperature is raised to the boiling 
point. This method of heating also keeps it agitated and pre- 
vents the copious settling of the curd. 

Condcnsing. — Fn^m the hot wells the boiling-hot buttermilk 
is drawn into the vacuum pan, The buttermilk is preferably 
drnwn fn m the Tottom of the hot wells, so, as to continuouslv 
remove a nortion of the setthn*» curd. The buttermilk will 
drop somc <^f its curd in the hot wells. The operation of the vacu- 
um pan for buttermilk is the same as for milk. For general 
directions ihe reader is referred to Chapter V on "Condensing." 

The first pans used for condensing buttermilk were tin 
coated on the inside and had tinned copper coils. so as to mini- 
mize the action of the acid on the copper. The tin coating was 
of very short duration, however, especially that on the coils, so 
that it was found impractical and too costly to use tinned vac- 
uum pans. The pans now in use are not tinned. 

In the condensing of a thick and sluggish liquid, such as 
buttermilk, it is óí the greatest importance that the coil arrange- 
ment in the vacuum pan be such as to insure máximum circula- 
tion of the milk, otherwise the buttermilk is incapable to absorb 
the heat fast enough and to expose enough surface to evapora- 
tion, to make possible rapid concentra tion. the buttermilk fails 
to freely boil up, it sluggishly bubbles in the bottom of the pan, 
evaporation is slow, the capacity of the pan is greatly reduced, 
and the cost of manufacture is increased. For detailed descrip- 
tion of the proper coil arrangcment sec Chapter V on ''Descrip- 
tion of \"acuum Pan." 
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During the early stages of the condensing process the but- 
termilk boils and behaves in the pan in a similar manner as 
milk. As the process continúes and the buttermilk increases 
in density, it becomes more sluggish and does not circuíate as 
rapidly, ñor boil as vigorously. 

Concentration. — The buttermilk should be condensed until 
it has a concentration of at least 4:1. Buttermilk of a lower con- 
centration fails to have the necessary keeping quality to with- 
stand the triáis of storage for several mpnths at ordinary tem- 
perature. It undergoes decomposition, usually of the putrefac- 
tive type, that renders it unfit for feeding purposes. 

Testing for Density. — No accurate mecha nical method of 
determining the exact density of the condensed buttermilk has 
as yet been worked out. When a concentration of about 4:1 
or more has been reached, the buttermilk is very thick, even 
while hot. It is too thick and viscous to permit of testing it 
with the Beaumé hvdrometer. The densitv could be determined 
however by weighing a definitely measured volume or by the 
adaption of a resistance tester such as the Mojón nier viscosi- 
meter. Ordinarily, however, the determination of the proper 
degree of concentration is left to the experienced eye and judg- 
ment of the pan operator. If he condenses batches of uniform 
size, the height of the surface of the condensed buttermilk in 
the pan furnishes an approximate guide. The behavior of the 
boiling condensed buttermilk, when the proper degree of concen- 
tration has been reached, is also noted. And samples taken 
from the pan and examined for thickness, standing-up properties 
and transparency or opaqueness, as described under '^Methods of 
Striking" for sweetened condensed milk, Chapter VI, enable the 
operator to approach a fairly uniform density of the finished 
product from batch to batch. 

When condensed at the ratio of 4:1 the buttermilk at the 
temperature of the pan, or about 120 degrees F., is thick enough 
so that when a sample is taken into a cup and a portion of it 
is picked up with a spoon or stick and is allowed to drop back 
into the cup from a height of about six inches, it does not readily 
diffuse, but ''piles up'' on the surface of the sample in the cup. 

Condensing Buttermilk by Film Process. — The condensing 
of buttermilk can be and is accomplished also by film evapora- 
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tion as represénted by the ''Continuous Concentrator" and the 
*'Ruff Condensing Evapora tor." These methods have proven 
a commercially practical proposition. Experiments have demon- 
strated that a condensed buttermilk of very good quality and of 
the desired degree of concentration can be made by the use of 
these continuous machines. In fact some of the condensed but- 
termilk on the market is their product and it is probable that 
the future will see many of these machines installed and in opera- 
tion in creameries for the purpose of condensing buttermilk. 
See also '^Condensing Milk by the Continuous Process," Chap- 
ter XIV. 

Packing. — The condensed buttermilk is fiUed into barréis, 
holding about 600 pounds of the finished product. Second hand 
glucose barréis or copra barréis are generally used for this pur- 
pose. Buttermilk intended for bakeries, confectioners and 
other channels of human consumption, should be filled into new 
barréis. The barréis should be thoroughly rinsed and steamed out 
before use and it is advisable to treat them on the inside with 
sodium silicate. 

The barréis are filled with the condensed buttermilk while 
hot and direct from the pan or other condenser. If allowed to 
cool, the condensed buttermilk would be too thick to ''run." 

Storage. — The barréis filled with the condensed buttermilk 
are stored at ordinary ware house temperature. If made from 
properly soured buttermilk, condensed at the ratio of not less 
than 4:1, and if the barréis are filled completely full and sealed 
tightly, the product will keep in good condition, without mold- 
ing and without appreciable deterioration for many months 
without artificial refrigeration. 

In remnant barréis or in barréis which are subsequently 
opened and from which a portion of the contents has been 
removed, the buttermilk molds rapidly on the surface and spoils, 
because of exposure to air. This can be largely prevented by 
"slapping" a piece of heavy paper (wrapping paper), large 
enough to cover the entire exposed surface, on the top of the 
remaining contents. The condensed buttermilk being of a pasty 
consistency forms a tight seal with the paper, shutting out the 
air, and retarding molding and decomposition. 

The above statements concerning the keeping quality of 
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condensed buttermilk rcfer only to the prodtict resulting from 
evaporation of a portion of the water, such as condensing in the 
vacuum pan, or by the continuous concentrators and evapora- 
tors. Where the reduction in volume is accomplished by re- 
moving a portion of the whey, either by gravity or by centrifuga] 
separation, the finished product lacks in keeping quality, it will 
spoil in a few weeks after manufacture, if held at ordinary tem- 
peratures. The reason for this lies in the fact that with the 
removal of the whey, the finished product is also deprived of 
much of the lactic acid. 'There is not high enough a pefcentage of 
acid left in it to preserve it. 

Composition of Commercial Condensed Buttermilk. 

Total Solids 36 per cent to 40 per cent 

Water 60 " " 64 

Fat 1 " " 2 

Protein 12 " "15 

Milk Sugar 16 " "20 

Acid 2 " " 3 

Ash 2.5 " " 3.5 

Caloric Valué 600 to 700 

Markets. — The great bulk of condensed buttermilk manu- 
factured in the United States is sold to chicken feeders and for 
hog feeding. The price obviously fluctuates with season, local- 
ity and supply and demand. During the first six months of 1920 
it averaged about 4.5 cents per pound. 

Considerable quantities of condensed buttermilk are also 
absorbed by bakeries and manufacturers of diverse prepared 
food products. The price received during the first six months 
of 1920, for condensed buttermilk sold to bakeries, etc., aver- 
aged about 8.5 cents per pound. 

Annual Output of Condensed Buttermilk in United States. 

— As previously stated the manufacture of condensed buttermilk 
is rapidly growing. In 1918 the total output amounted to 
6,534,023 pounds; in 1919 it was 22,535,580 pounds. 

CONDENSED WHEY, MYSEOST, OR PRIMOST. 

The condensing of whey is a practice which originated in 
Scandinavia. The original process consisted of straining the 
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whey into a kettle or large open pan over a fire. ''The albumi- 
nous material that precipitates and rises to the surface is skim-; 
med off/'^ The whey is evaporated as rapidly as possible with 
constant and thorough stirring. When it has reached about one- 
fourth of its original vokime the albumin previously skimmed 
off is returned and stirred thoroughly to break up all possible 
lumps. When the whey has attained the consistency of thick- 
ened milk it is poured quickly into a wooden trough and stirred 
with a paddle imtil cool, to prevent the formation of large sugar 
crystals. It can then be molded into the desired form for 
market. 

A more rapid method of making primost is to evapórate the 
whey in the vacinim pan. When the syrup has reached the 
desired density it is drawn off, allowed to cool and pressed into 
bricks. The product has a yellowish-brown color, gritty texture 
and sweetish taste. The evaporation of whey in vacuo is as yet 
a rare practice and the demand for the finished product is very 
limited. 

Experiments with the ^'Continuous Concentrator" havc 
demonstrated that condensed whey of good quality can readily 
be prepared with this machine. The concentration can be car- 
ried as far as 15 to 1 ; whey so condensed escapes from the con- 
centrator still in liquid form, but changes to a solid upon cool- 
ing, the milk sugar in this supersaturated solution crystallizing 
completely, If made of sour whey, the product thus obtained 
has a splendid clean and sharp acid flavor. This product prom- 
ises to have excellent dietetic properties. and also to lend itself 
admirably for cooking purposes. 

* United States Department of Agriculture, Bureau of Animal Industry, 
BuHetln No. 105. 


PART IV. 
FROM FACTORY TO CONSUMER 

Chaiteh XVI. 
Stamping. — Every well reguíated condensing íactory, selling 
condensed milk in hermetically sealed tin caiis, empioys some 
System oí markíiig the cans. This is important for future 
referen ce. 

When deíective condensed milk is retnrned to tlie factory, 
the marks on the cans tell the manufactiirer the date of manu- 
facture, and his own record on file in the factory shows the con- 
ditions under which the defective milk was made. In this way 
defects can usually be traced to their causes and the recurrence 
■ of similar trouble can be avoided. 

In some faetones the batches of condensed milk are num- 
bered from one up, and the cans are stamped with the respective 
batch niimber. This method is simple but may prove undesirable. 
since it informs the competitors also of the date of manufacture 
of competing brands. In most factories a code of letters and 
figures is used, designating the factory, the date, and the numbcr 
of the batch of each day. 

The cans are 
usually stamp- 
ed on the bot- 
tom, that is, on 
the end which 
carries the cap. 
The stamping 
is done by the 
sealer. S m a 1 1 
iiiterchangeable 
rubber letters 
and figures are 
used. The 
stamping i n k' 
shrfuld contain 
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a drier and be waterproof. In small faetones the stamping is done 
by hand. It can be done very rapidly. In large faetones an auto- 
matic stamping outfit is attached to the fillingo sealing or labeling 
machine and the cans are stamped automatically while they are 
being filled, sealed or labeled. 

Inspectíng. — The sealed and stamped cans are placed, with 
caps down, in wooden trays holding twenty-four medium-sized 
cans. All trays of ene batch are stacked together. A card in- 
dicating number and date of batch and number of cans in the 
batch is attached to the stack and a copy of the same is filed in 
the office. The cans are placed with their caps down in order to 
detect ^'leakers'' fcans with defective seáis). Before labeling, 
the trays should be takcn down, the cans turned over and exam- 
ined for leaky seáis. TJnless the factor}^ is behind in filling orders 
the cans vvill have been in stock at least twenty-four hours or 
usually lonc^er. In the case of sweetened condensed milk, if any 
seáis are defective, a little condensed milk will have oozed out 
by that time. Inexperienced sealers are prone to cause a high 
percentage of leaky cans. A careful sealer may reduce the num- 
ber of leakers to .1 per cent. 

In the case of evaporated milk (unsweetened, sterilized) all 
cans coming from the incubaling room should be individually 
shaken by hand. All cans showing no signs of bulging, and the 
contents of which shake with the characteristic sound and be- 
havior of a liquid, pass inspection. If the ends of the cans are 
bulging or the contents do not respond to the shaking with the 
characteristic sound of normal milk, they are rejected. as the 
evaporated milk in them has either undergone gaseous or cur- 
dling fermentation, and is spoiled. 

LABELING. 

Labeling: Machines. — In the earlv davs of the milk condens- 
ing industry, the labeling of the cans was done by hand, involv- 
ing much time and considerable expense. Today, especially con- 
structed labeling machines are almost exclusively used for this 
purpose. The efficiency and quality of w^ork of these machines 
are such, that they have become a permanent fixture in practi- 
cally every condensery selling canned o^oods. The labeling ma- 
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chines are adjiístable tn varioiis sizes of cans aiitl can l>e oper- 
ated liy liancl, motor, or belt |»o\\er. 

Principie of Labeling Machines. — The cans are placed inte 
a chute from which they roll ínto the machine by gravity. They 
are caught by two cndless belts which draw them through the 
machine. They first pass over revolving metal discs that touch 
each can with a trace of "pick-up" cement. Krom here the can 
rolls over the label table which is loaded with a stack of labeis. 
face-down. The touch of "pick-np" cetnent oii the cans causes 
each can to ])Íck up one label, which is automatically wrapped 


around the can as it rolls on. An endless helt passing through 
a paste box appiies a small strip of paste to the lap of the label 
and a curlinjí rod stretches the label taut and gives its lap an 
inward ciirl, makin^ it to conform to the shape of the can and 
ensuring a perfect seal. 

The label table is equipped with an automatic feeding ar- 
rangement which pushes the stack of labeis np as fast as the 
labeis are being used. 

Wrinklcs and Rust Spots on Labeis. — In the latest models 
of ¡abeliiig machines no paste tonches the cans proper, The 
"pick-up" cement used on the cans. is moistiire-proof and is 
applied liot. This is a great advantage from the standpoint of 
ensuring freedom from rust spots on labeis. The cement. being 
applied hot, dries instantl^ and having no corrosíve action on the 
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can, is a reliable safeguard against wrinkles and rust spots, which 
are. so prone to appéar where paste is used exclusively, and which 
mar the attractiveness and neatness of the package. The labeled 
cans which now leave the machine over a chute slanting from it, 
can be cased immediatelv without risk. The use- of tables and 
fans to dry the labels, often found necessary in the case of 
mechanically applied paste, is made superfluous, and time, labor 
and space are saved. 

Capacity of Labeling Machines. — In the latest improved 
types of labeling machines the capacity has been greatly in- 
creased over that of the older models. One properly operated 
hand-driven machine will riow label on an average from 40,000 
to. 50,000 cans and a power-driven machine will average from 
6O0dGi to 70,000 cans per ten-hour day. 




PACKING. 

The labeled cans are packed in cases holding from six to 
ninety-six cans, according to the size of the cans. (One case 
holds six 1-gallon cans; forty-eight 14-, 15-, 16^,: and 20-ounce 
cans; or seventy-two to ninety-six 8-q^ince cansía -''* 

The sides, bottom añd top of the cases should be of material 
about three-eighths of an inch to one-half inch thick, the ends 
three-fourths of an inch to seven-eighths of an inch thick. The 
cases are usually bought in the "knock-down" shape and are 
made up in the factory. Sixpenny cement-coated wire nails are 
most suitable for this purpose. The cases are most economically 
nailed by the use of nailing machines, which nail one entire side 
or one side and one end simultaneously. The cans are usually 
placed into the cases direct from the labeling machine. In some 
factories, packing machines, which pack twenty-four medium- 
size cans in one operation, are used. Formerly condensed milk 
cans were packed exclusively in wooden cases. Within the'last 
few years the use of paste-board and fibre boxes has been adopted 
in many condenseries. These boxes are proving very serviceable 
for domestic trade, and prior to the price advance on paper ma- 
terial caused by the world war, they made possible a considerable 
saving in the cost of the package. 

Mechanical can casers, operating with the labeling machine, 
are now available and are used to advantage in many condens- 
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eries. Tlie can caser receives the labeled cans from the labeling 
machine, stacks them into layers, places the layers of cans into 
the case and automatically puches off the filled case, while a 
new layer of cans is piished forward. It ¡s obvious that the 
mechanica! can caser makes the work of packing the cans easier 
and acceterates its speed. 

Marking the Cases. — One end of each case is stenciled with 
the nnmber of the batch; over the other end is pasted a case 
label, representing, enlarged, the brand of the label on the cans 
within, In the place of the case label, the respective brand may 
be printed on or burnt into the wood. The burnt stenciling ¡s 
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usually done by the manufactnrer of the shooks. One side of 
each case i;; usually marked "Condenscd Milk" or "Evaporated 
Milk," as the case may be; the other "Keep in cool, dry place." 
If sweetened condensed milk is exposed to excessive heat for a 
considerable length of time, as is often the case in storehouses 
or in the hold of steamers. where the cases may be stowed against 
the boiler ronm. it becomes brown, thickens rapidly and develops 
a stale flavor. Evaporated milk also darkens when exposed to 
heat and depreciates in flavor. It should, therefore, be kept in 
a cool place. The humidity of the storage room has no elíect on 
the condensed milk proper, the cans being hermetically sealed. 


Storage 191 

Prolonged exposure to dampness, however, will dampen and 
wrinkie the labels, rust the cans and invite the appearance oí 
rust and mold spots. 

Packing Condensed Milk for Export. — In the case of con- 
densed milk bonght by the United States Government, the cans 
are dipped in a solution of shellac before they are labeled, or the 
tin píate or empty cans are .bought by the manufacturer already 
lacquered. Cans for export trade and in many instances for the 
home market, are wrapped into heavy, soft paper, bearing on the 
outside a copy of the respective brand. This wrapping paper 
takes up the space beetween the cans and prevents the cans 
from being damaged on their long journey and by rough usage. 
This wrapping is usually done by hand. Some makes of label- 
ing machines, however, have an attachment for wrapping the 
cans so that when the cans lea ve the machine they are wrapped 
as well as labeled. The cases are reinforced with a band of strap 
iron around each end. Where the cases have to be loaded and 
imloaded numerous times, as is the case with export shipments, 
they are in danger of being torn to pieces, unless siich special 
precautions are taken. 

Chaptkr XVII. 
STORAGE. 

Purposc of Storing. — The parpóse of storing condensed milk 
is largely the same as that of storing butter and other produce, 
namely, to keep the product from the time of large supply and 
low prices, to the time of small supply and high prices. In sum- 
mer time, the market is usually flooded with condensed milk 
throughout the country, the demand for it is at ebb tide and the 
prices are low. In winter, there is usually a great shortage of 
condensed milk, the demand far exceeds the supply and prices 
soar high. The storing of summer milk may be necessary, also, 
in order to enable the manufacturer to fill his contracts and sup- 
ply his trade in winter. This is especially true where the fae- 
tones of a concern are íocated in new territories where the pa- 
trons produce an excessively small amount of winter milk. 

Plain condensed milk and concentrated milk which are not 
sterile and contain no cañe sugar to preserve them, keep but a 
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few days at órdinary temperatures and shoiild, therefore, be sold 
and used as soon as possible after manufacture. If their storage 
is unavoidable, they should be held as near the freezing point 
as possible. For prolonged storage it might be advantageous to 
freeze them. However. reliable data on this phase of the indus- 
try are lacking. 

Evaporated milk, sold in hermetically sealed cans, is sup- 
posed to be entirely sterile. and. if made properly, will keep in- 
definitely. There is a constant tendency, however, for the fat 
to sepárate out. which naturally is augm,ented by prolonged 
storage. Again, the lactic acid in the evaporated milk gradually 
acts on the can. causing the tinplate to become dull and the 
coiitents to acquire a disagreeable metallic flavor. When stored 
for an excessively long time this chcmical action may be suffi- 
cient to cause the evolution of considerable quantities of hydro- 
gen gas. swelling the cans. 

Sweetened condensed milk which is preserved by about 40 
per cent of sucrose, will keep apparently unchanged for a con- 
siderable length of time. It is best, however, when fresh. Bac- 
teriológica! examinations have shown that, while modérate age 
does not change the outward appearance of this condensed milk. 
the bacteria in it gradually increase and the milk gradually de- 
velops a stale flavor. White and yellow "buttons." lumps, or 
nodules of a cheesy texture and flavor, due to fungus growth, 
are also prone to appear in the condensed milk. Age, also, causes 
it to become darker in color. These defects are especially ap- 
parent in oíd milk which has not been kept at a low temperature. 
Again, sweetened condensed milk made in May and June has a 
strong tendency to thicken with age and to become entirely solid. 

In some cases a part of the sweetened condensed milk made 
during the summer months is stored in large C3'lindrical wooden 
or iron tanks sunk into the groiind, or installed in the basement 
of the factory, where the condensed milk remains at an even temr 
perature. As the demand for the product increases and the 
supply of fresh milk decreases, condensed milk is drawn from 
these tanks to fill the increasing orders. 

Effect af Storage Temperature. — IMost, if not all the changes 
which condensed milk is prone to undergo in storage are retarded, 
if not entirely prevented, when stored at the proper temperature. 
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Temperatures of 60 degrees F. or above are too high for satis-- 
factory storage for a prolongad period of time and the higher 
the temperature the greater the resulting defect. 

Temperatures below the freezing point of water are also 
undesirable. The evaporated milk freezes and while so doing it 
expands sufficiently to swell the cans. Although this swelling 
disappears when the contents of the cans dissolve again, yet 
the swelling action tends to weaken the cans and may give rise 
to subsequent leakers. Again, the melted evaporated milk is. 
prone to be grainy as the .result of freezing. This is due to the 
fact that when freezing, the watery portion separates from the 
curd and the latter contracts. When the milk thaws up the curd 
remains contracted and fails to form a smooth emulsión with 
the remainder of the milk. 

The sweetened condensed milk does not freeze, because it 
contains so concentrated a sugar solution that its freezing point 
is usually far below the refrigerating temperature. If it is packed 
in solder-sealed cans there is usually no bad effect from cold 
storage. However, when packed in cans sealed with the friction 
cap or the burr cap, difficulties may arise. These seáis are not 
air-tight. Excessively low storage temperatures cause the con- 
tents to shrink appreciably. Suction is formed and air is drawn 
in through the seal. When these cans again warm up, the vis- 
cous milk in the cans seáis the microscopic openings, the air and 
the liquid expand but the air finds no exit. This causes the cans 
to swell. While the quality of the milk in these cans is not im- 
paired in the least, the swelled cans suggest gaseous fermfenta- 
tion, which means spoiled milk and which is invariably rejected 
on the market. 

The temperatures at which condensed milk can be stored 
with least objectionable results, range between 32 and 50 de- 
grees F. 

Advisability of Staring. — A heavy stock of condensed milk 
is a severe drain on the working capital of the condensery, in- 
volving the cost of the fresh milk, cañe sugar, tinplate, boxes, 
solder, .labels, coal and labor. 

Unless the manufacturer has successfully overeóme and 
mastered all of the principal condensed milk defects, and, unless 
his experience justifies him in believing that his goods will stand 
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the triáis of storage, he will find it advisable not to manufacture 
more than he can promptly dispose of. Even at best, the con- 
densed milk will be from three to six months oíd before it is all 
consum/ed, and, if it is at all subject to deterioration, the sooner 
it is consumed the better. 

TRANSPORTATION. 

The plain condensed bulk milk and concentrated milk are 
highly perishable products. If shipped considerable distances 
they should be placed in refrigerator cars. 

The evaporated milk and sweetened condensed milk in her- 
metically sealed cans, and the latter also in barréis, can safely 
be shipped in ordinary box cars. The cases weigh from fifty 
to six-five pounds, and the barréis from three hundred to seven 
hundred pounds. Care should be taken that the cars used for 
this purpose are clean and did not previously carry goods with 
strong and obnoxious odors, such as fertilizers, as these odors 
are prone to follow the condensed milk to its destination. Strong 
box cars, in good repair only, should be used. Even at best, 
the cases and cans sufFer more or less damage in transportation. 
Cars wíth leaky roofs should be condemned, as transportation in 
them may cause the package to suffer in appearance. If shipped 
on steamboats, it should be specified to stow the cases away from 
the boiler room, as prolonged exposure to high temperatures 
causes the condensed milk to deteriórate. 

Chapter XVIII. 

MARKETS. 

Á large proportion of the canned condensed milk, both 
sweetened and unsweetened, supplies localities, territories and 
countries where the dairy industry is yet in its infancy, or 
where geographic and climatic conditions bar the profitable 
husbandry of the dairy cow. Thus, we find some of the best 
condensed milk markets in the tropics, in the arctic regions, in 
the army and navy, on ocean liners and in miníng and lumber 
camps. In these markets condensed milk has, in many cases, 
become as great a necessity as fresh milk is to the inhabitants 
wíthin the températe zone. The wastage and the decreased 
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production of diverse food producís caused by the war has 
opened vast new markets for, and has caused the demand and 
consumption of condensed milk to grow by leaps and bounds. 
The consumption of canned condensed milk in our home markets 
has, also, been increasing rapidly w^ithin recent years, and is 
today assuming astonishing proportions. This increase has oc- 
curred, in part at least, at the expense of the consumption of 
fluid milk. While conclusive statistics on this subject are not 
available,. the trend toward larger domestic consumption of con- 
densed milk accompanied by decreased consumption of fluid milk 
is suggested in the following tables, in which Prof. J. O. Jordán/ 
President of the International Association of Dairy and Milk 
Inspectors, shows the situation in the city of Boston, Mass.: 

Consum^ption of Condensed Milk in Boston, Mass. 



Cases pf Condensed MUk by Years 

Source of Statistics 

1916 
Cases 

1917 
Cases 

1918 
Cases 

1919* 
Cases 

Business of a firm 
operating c h a i n 
stores 

30,500 
762,446 

52,700 
880,072 

76,500 
1,237,647 

77,000 
1,647,264 

Receipts according 
to records of Board 
of Trade 


Daily Consumption of Fluid Milk in Boston, Mass. 


Year 

Quarts of Milk 
actually c o n - 
sumed dally 

Quarts of Milk 
which should 
have been con- 
sumed dally, 
based on estl- 
mated population 
and quarts used 
in 1916 by esti- 
m a t e d popula- 
tion 

Bstimated 
Population 

1916 

347,735 
342,244 
342,451 
333,506 

353,209 
358,617 
364,157 

760,400 
772,370 
784,340 
796,310 

1917 

1918 

1919* 


^Jordán, Address, Eighth Annual Conventlon International Association 
Dalry and Milk Inspectora, 1919. 

* 1919 figures are for ten months only.' 
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The rapid growth of the ice cream industry has further 
developed a splendid and ever-increasing market for plain con- 
densed bulk milk. Additional ímpetus has been lent this devel- 
opment since the advent of national prohibition, which caused 
a vast inerease in the consiimption of ice cream and of soft 
drinks of which ice cream consti tutes an integral part. Manu- 
facturers of condensed milk estimate that this has resulted in 
an inerease of their production of plain condensed bulk milk 
amounting to from 15 to 20. per cent. 

Market Prices of Condensed Milk. — The price of condensed 
milk is not controlled by the general market of dairy products, 
ñor by any board of trade; there is no consistent uniformity of 
price throughout the country as is the case of butter and cheese. 
The price of condensed milk does not necessarily follow the 
rise and fall of the butter and cheese markets, but in the long 
run it is usually affected by abrupt fluctuations of prices of these 
other dairy products, largely on account of the influence of such 
fluttuations on the supply to the condensery of fresh milk. It 
is chiefly governed by local conditions of supply and demand, 
conposition of product and reputation of the individual brand. 
Condensed milk is sold under hundreds of different brands or 
labels. While one and the same concern may sell scores of 
different brands, the brand itself has very little, if anything, to 
do with the quality or composition of the contents of the can. 
Each brand usually sells at its own special price, although the 
various brands put on the market by the same concern often 
contain the same quality of milk and may be filled with con- 
densed milk from one and the same batch. It is customary in 
most faetones to fill the cans before they are labeled and the 
orders for different brands of condensed milk are filled from 
the same general stock. The brands serve largely as an in- 
strument to inerease the sales and "dodge'' competitors. 

Sweetened condensed milk, packed in hermetically sealed 
cans, sells from about $3.25 to $5 per case of 48 sixteen-ounce 
cans and the cans retail at from 5 to 20 cents each, according 
to the size of the cans and market conditions. 

Evaporated milk, unsweetened condensed milk in hermetic- 
ally sealed cans, sells from $2.25 to $4.00 per case, according tc) 
the size of the cans and market conditions. 
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Bu4k milk, both sweetened and unsweetened, goes direct 
from the manufacturer to the purchaser who buys ¡t at príces 
agreed upon by the contracting parties. The sweetened con- 
densed milk is sold in barréis holding from three hundred to 
seven hundred pounds (iisually about six hundred pounds) to 
candy and caramel faetones, bakeries and confectioners. The 
price varíes from four to ten cents per pound according to the 
per cent of fat, démand and supply. When there is a general 
"epidemic" of bad canned condensed milk, this spoiled con- 
densed milk is usually turned into candy shops and bakeries, 
where it is sold for ''a song/' This condition has always a 
depressing influence on the price of sweetened condensed bulk 
milk, which, during such seasons, may have to be sold at a loss. 
Some milk condensing concerns opérate their own candy shops 
which take care of the condensed milk that is rejected on the 
market. 

Plain or unsweetened condensed milk is sold in 1-gallon to 
10-gallon cans to ice cream faetones, the price varying from 
twenty-five to ninety cents per gallón, according to fat content, 
concentration and market conditions. The market for this class 
of goods is not very constant, but the profits are generally high. 
It reaches ebbtide in winter when the demand for ice cream is 
small. Limited quantities of plain condensed bulk milk are also 
sold in milk and cream bottles for direct consumption. The 
.concentrated milk finds the same markets as the plain con- 
densed bulk milk. 

The above range of prices of the several types of condensed 
milk refers to the market conditions which prevailed whíle the 
industry was protected against competition with goods from 
abroad by an import tariff of 2c per pound or $1.00 per case of 
condensed milk, and to conditions prior to the advent of the 
European war in 1914. 

In 1913, the United States, by Act of Congress, removed 
the import tariff, placing condensed milk on the free list. This 
Act becámé effective in the fall of the same year. Its immediate 
effect was a rapid increase in the importation of European con- 
densed milk, which was offered for sale at relatively low prices, 
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decreased the sale of domestic góods and caused the holdings of 
condensed milk to accumulate ¡n large quantíties. Condensed 
milk prices depreciated rapidly throughout 1914 and reached 
the bottom in the fall of that year when financial limitations 
compelled many concerns to move their goods at any príce. At 
that time the bottom prices of condensed milk were approxi- 
mately as follows : ' 

Sweetened condensed milk per case $2.50 

Evaporated milk per case*. 1.90 

The losses sufFered by this slump in the condensed milk 
market, caused by the influx of cheap foreign goods in the 
absence of a protective tarifF, were enormous and caused bank- 
ruptcy of numerous of the financially limited concerns. The 
outlook for the future of the ihdustry looked very uninviting 
at best, but the situation was saved and market conditions 
reversed by the urgent food requirements of the Allied nations 
in the European war, and after the entrance of the United States 
into the war, by large orders for the American army and navy. 

The extraordinary and very urgent demand for condensed 
milk by the U. S. Government and by its allies during the war 
and the enormous demjand for exports to Europe after the 
armistice, boosted the prices of this product to a level not 
attained since the Civil War. While Government regulations 
tended to hold price advances within reasonable bounds and 
while lack of shipping facilities and other factors caused tem- 
pprary fluctuations downward, the price advance in general con- 
^iriu^d until the spring of 1919, and reached the followíng máxi- 
mum figures per case: 

Sweetened condensed milk per case $9.25 

Evaporated milk, per case. 6.50 

Exports and Imports. — Canned condensed milk only need 
be considered here. 

, The United States Bureau of Statistics reports the following 
imports and exports of condensed mSlk for the years 1911 to 
1919, inclusive: 
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ExPORtS AND ImPÓRTS IW' 

Exports and" Imports of Condensed Milk and Evaporated MKIk 

for thc Years 1911 to 1919, inclusive.^ 

Exports Imports 


-T "i 


Years 

Pounds 

Dollars 

Pounds 

DoHars 

1911 

12,180,445 

936,105 

630^308 

46,088 

1912 

20,642,738 

1,651,879 

698,176 

61,671 

1913 

16,525,918 

1,432,848 

1,778,044 

135,724, 

1914 

16,209,082 

1,341,140 

14,599,339 

1,089,440 

1915 

. 37,235,627 

3,066,642 

'33,624,189 

2,556,787 

1916 

159,577,620 

12,712,952 

18,174.505 

1,515,354 

1917 

259,102,213 

25,129,983 

18,375,698 

1,746,446 

1918 

. 553,439,554 


29,926,931 


1919 

852,275,264 


16,509,239 



Prior to Í914 the United States exported condensed milk 
chiefly to North America, Oceánica and Asia, small quantities 
were also exported to South America, África and Europe. About 
60 per cent of all the export condensed milk went to countriés 
of the North American Continent, Canadá and Panamá being 
the leading markets. Duríng the last few years, immediately 
preceding the world war, our exports to Canadá had fallen off' 
very rapidly. In 1911 the exports to Canadá amounted to only 
about 15 per cent of the total exports of condensed milk to the 
same country in 1908. The rapid development of the milk con- 
densing industry in Canadá, within the last decade was largely 
responsible for this situation. From 1907 to 1911 there was an 
annual decrease in the total exports of the United States. In 
1907 they amounted to $2,191,000.00 as against $936,105.00 in 
1911. 

Prior to 1913, the imports of condensed milk into the United 
States were likewise very limited. This was largely due to the 
protective tariíf on imported goods, which was an eífective agent 
to exelude foreign brands from American markets. 

In the fall of 1913, Condensed Milk was placed on the "free 
list." This resulted in an immediate and rapidly growing in- 
flux of condensed milk from European countriés, such as Switzer- 
land, Denmark, Holland, Sweden, Norway, Germany and Eng- 


* United States Department of Commerce and Iiabor, Bureau of Statlstlcs 
for 1911 to 1919. 
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land. At first the bulk of the influx consisted of sweetenedco^ia- 
densed milk, but láter evaporated milk also arrived in increas- 
¡ngly large quantities, causing havoc in our domestic markets, 
and an almost unprecedented depression in the industry in the 
F'all of 1914. At the same time, the exports further decreased 
and ceased almost entirely. 

In 1915 the food shortage in the allied countries and their 
need of condensed milk for their armies and navies began to 
counteract the effect of.the removal of the protective tariff. 
Imports decreased while large and repeated contracts for exports 
to the Allies brought about an unprecedented growth of our 
export trade of condensed milk at attractive prices. Our exports 
were further increased by the fact that the war deprived non- 
combatant countries in South America, Asia and África of their 
usual imports of this commodity from the then warring coun- 
tries, opening up the world markets to the United States. 

The exports continued to increase after the armistice was 
declared, the volume exported being limited largely only by the 
shortage of transatlantic transportaron facilities. After the first 
six months of 1919 the increasingly unfavorable rate of exchange 
of foreign moneys commenced to make itself felt and since then 
there has been a steady decline in exports. Early in 1920 iso- 
lated shipments of condensed milk began to arrive in this coun- 
try, foreign manufacturers being attracted by and taking advan- 
tage of the high exchange valué of the American dollar, our high 
domestic prices and the absence of tariff on condensed milk 
imported into the United States. 

Chapthr XIX.' 

CHEMICAL COMPOSITION AND STANDARDS OF 

CONDENSED MILK. 

Sweetened Condensed Milk.— Sweetened condensed milk 
contains all* the constituents of fresh milk and considerable but 
varying quantities of sucrose. Its composition, therefore, de- 
pends on süch factors as: composition of the fresh milk from 
which it is made; the degree of condensation and per cent, of 
cañe sugar added. As all of these factors vary in milk from 
diíferent localities, and in milk of the same factory at diflferent 
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seasons of the year, no hard and fast rule can be given. ■ The 
following figures merely show the average composition of swtet- 
ened condensed milk as obtained from the results of analyses of 
á'larsfe number of diíFerent brands. 


Average Camposition of Sweetened Condensed Milk* 

WíLter 26.5 per cent. 

/fat 9.0 per cent. ^ ' 

......... ..... . P'^^^'"^^ ^-5 P^"" ""*• I 32.6 per cent. 

I milk sugar 13.3 per cent, [ 

, L ash 1.8 per cent. J 

Gané sugar , 40.9 per cent. 

Total 100.0 per cent. 

: Water. — The water content ¡s largely goyerned by the de- 
gte^í of condeñsation and the per cent, of cañe sugar." American 
brands average from 24 per cent, to 28 per cent, water. Irt ex- 
ceptipnal cases milk has been found to contain as low as.,21.pe;r 
cent, and as high as 34 per cent, water. 

Milk Salids. — The per cent, of milk solíds ís largely gov- 
erned by the per cent, of milk sohds in fresh milk and the degree 
of condensation. In the majority of brands the solids fluctuáte 
'betweeti 28 and 34 per cent. ; in extreme cases analyses have 

....... * , 

'shown less than 28 per cent, and as high as 40 per cent, milk 
solids. The relative proportion in which the various solid con- 
stitiients are present is the same as that in the fresh milk from 

;TA':hích the condensed milk is made, prov^ided that the fresh milk 

■was not skimmed previous to condensing. 

The fact that the U. S. standard requires not less tháh 28 
per cent, milk solids and the introduction of perfect.ed méthp,ds Óf 
standardizing have an unmistakable tendéricy toward kéepirig 
the perceritage of milk solids down tó 28 per cent.' 

.../.. Butter Fat. — The butter fat in sweetened cpjiden^ed whí>le 
njilk fluctuates from about 8 to 12 per cent,, according to loci^lity, 
aeíason pf year and degree of condensation, SweetjBnied cop- 
ilensed milk sold in barréis Í3 usually partly or wholjyskimmfe^ 
and is, therefore, low in fat. It has been sugges.ted thfit -arrí^maH 
portion óf the milk fat is lost düríng the process of condensation, 
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and this theory is frequently resorted to by condensed milk men 
to,expla¡n why their milk is low in fat. It has been claimed by 
some that the volatile fats (volatile fatty acids) are lost during 
the process of condensation. This claim is not wiell founded, 
since repeated experiments^ have conchisively demonstrated that 
condensed milk contains the normal amount of volatile fatty 
acids. It has further been experimentally proven that the con- 
densed milk, when made properly and from whole milk, contains 
fat equal in amount to that found in the fresh milk used. A 
reasonable allowance should be made, however, for loss of milk 
due to spilling and wasting in pipes and retainers. Experience 
has shown that this loss amounts to about fifty to one hundred 
pounds of milk per average batch under normal conditions. 

Proteids. — The per cent, of proteids in the condensed milk 
varíes with the per cent, óí proteids in^the original milk aaid 
the degree' of concentration. It fluctuates usually between 7.5 
and 9 per cent. The heating previous to condensing coagu- 
lates a portion of the milk albumin and alters the casein to the 
extent that it is not precipitated in the normal/way, when rennet 
is added to the diluted condensed milk. 

While, in most analyses of sweetened condensed milk, the 
per cent, of proteids nearly equals that found in the fresh milk 
multiplied by the degree of concentration, there is a tendency 
toward a slight loss of this constituent due to precipitation in 
the forewarmers. 

Milk Sugar. — Sweetened condensed milk contains from 
about 12.5 to 15 per cent, of milk sugar, the amount varying 
according to the degree of concentration and per cent, of milk 
sugar in the fresh milk. The milk sugar is not known to undergo 
any material changes as the result of the condensing process. If 
condensed milk is recondensed, it assumes a darker color which 
is largely due to the caramelizing of a part of the milk sugar, 
caused by the action of prolonged exposure to heat. The milk 
'súgar in condensed milk crystallizes very readily and causes the 
condensed milk to become sandy and settled. Chemical anal- 
yses of this sugar sediment show that it consists principally 
of milk sugar. The primary cause of this property lies in the 

^ Hunsiker a^nd Spitser, Indiana Asrricultural Ezperlment Station BuIUtln 
N<». X34. IM^. 
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fact that sweetened condensed milk contains so littte water 
(about 26.5 per cent.) that the milk silgar is present in the form 
of a supersatiirated solution; therefore, any condition which 
favors sugar crystallization will tend to produce thís defect* 
Milk sugar requires from five to six times its weight of water 
at ordinary temperatures for complete solution. In sweetened 
condensed milk the milk sugar has access to only about twice 
its weight of water (12.5 to 15 per cent, lactose to 25 to 27 per ^ 
cent, water). 

Ash. — The per cent, of ash is largely dependent on tbe 
degree of condensation. It usually varíes from 1.5 to 2 per cent. 
Tt is quite constant in fresh milk (normal fresh milk contains 
uniformly about .7 per cent. ash). The per cent, of ash in 
sweetened condensed milk may serve, therefore, as a reasQji3.. 
ably reliable factor in determining the degree of condensation. 
The heating of milk, before condensing, precipitates and renders 
insoluble a portion of the mineral solids, principally the lime 

salts. 

• ■ .■'■ ■ 

Sucrose.— The purpose of the presence of sucrose in this 
product is to preserve it. Most of the sweetened condensed 
milk on the market contains from 37 to 44 per cent, sucrose, or 
cañe sugar. Wider variations, however, are not infrequent. In 
some cases analyses showed as low as 30 per cent, and in others 
as high as 48 per cent, cañe sugar. Cañe sugar dissolves in one 
half its weight of water, so that under normal conditions there- 
is sufficient water in the condensed milk to keep the sucrose in 
solution. The amount of sucrose in milk does not appreciably 
affect the power of the milk to dissolve milk sugar, ñor does 
the per cent, of lactose present materially affect the power of the 
milk to dissolve sucrose. 

When the sweetened condensed milk has a concentration 
of about 2.5:1, the manufacturer usually aims to have it contain 
about 40 per cent, sucrose. When it is condensed sufficiently 
only to contain 28 per cent, milk solids it is necessary to add 
sufficient sucrose to bring the percentage of sucrose up to about 
44, in order to insure the necessary keeping quality. 


*For further details on causes of settled sweetened condensed mUk see 
Chapter XXII. 
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Specifíc Gravity. — The specific gravity of sweeteiaed con- 
densed milk falls within the limits of 1.24 to 1.35. iForeign 
brands average somewhat higlier in specific gravity than Amer- 
ican brands. The specific gravity of sweetened condensed milk is 
controUed by the degree of condensation, the per cent, of fat and- 
the per cent, of cañe sugar. Milk condensed at the ratio of about 
2.5 parts of fresh milk to 1 quart of condensed milk and contain- 
ing about 9 per cent, fat apd 40 per cent, cañe sugar, has a speci- 
fic gravity of about from 1.28 to 1.29. The specific gravity of 
sweetened condensed skim milk may go as high as 1.35, and, if it 
contains an excess of cañe sugar, it may be still higher. 

Chanical Analyses of Sweetened Cohdensed Milk of Eighteen 

Diiferent Brands. 


Br^iid 


Mflk 

•oUds 

per 

cent. 


Wat«r 

por 

cent. 


Fat 

per 

cent. 


Pro- 

teids 

per 

cent. 


Lac- 

tose 

per. 

c^t. 


Ash 

per 

cent. 


^ *'8UTer Bpo<ni'* 
Hlt«r Oondflised Milk Oo 

• "Eagle" 

¿orden*! Oondensed MÚk Co..^... 

• "Reindeer* 

Traro ConúmMéá ifllk Co. 

• 'Tlp Top" 
Boirdcna' Condensed Milk COi 

• *^OhaUenge'' 
BordenV Condensed Milk Co r. 

• "Bweet Olover" 
Mo^awk Condensed Milk Co 

• "Aí^w" 
WiMonsIn Condensed Milk Go 

• **Blae Bdl" 
American Condensed MÜk Co|...... 

• "Bed Cross" 
Mobawk Condensed Milk Oo 

•"Bose" 

]9orden'é- Condensed Milk Co 

: • "Magnolia" 
Borden's Condensed MHk Co 

• "Bustic" 
Hlehifan Condensfd Milk Co....^. 

t ««iliik Maid" 
Aüfto-Swisp Condensed Milk Có.... 

• "Jubflee" 

Hm Maoitoba.Dairy Có 

» "Export" 

BaMwln Condensed Milk Co..^ 

• **Owl" 
OUfMa MUk Oondensing Co« 

• "líestle" 

WaSy íestle w — 

» "VilptT Ten" 
V» 8* Condensed líUk Co 


81.iH> 
81.06 
81.23 
86.57 
81.74 
82.8Í 
81.15 
85.50 
84,7» 
80.82 
81.96 
80.00 
85.69 
29.40 
82^ 
81.61 
32.91 
38.65 


28.68 
25.99 
27.88 
21.67 
24.84 
24.07 
26,8á 
26.60 
27.14 
24.76 
26.82 
27.68 
25.65 
82.15 
26.69 
90.84 
28.04 
27.86 


8.40 
6.72 
9.66 

10.07 

8.28 

9.31 

8.00 

,^.81 

il.07 
8.88 
8.64 
8.60 
9.63 
9.62 

11.50 

10.61 
8.06 
8.80 


Sueroso 

per 

cent. 


9.12 
8.15 
8.82 
9.85 
8.57 

syn 

8.49 
9.50 
7.92 
8.06 

7.84 

t;o7 

8.78 
8.61 
8.50 
*.47 
7.68 
8.34 


12.66 
12.85 
18.42 
15.00 
18.02 
12*96 
12.87 
14.80 
U.08 
12.07 
18.60 
W.UO 
16.17 
11.80 
12.35 
12.10 
15.28 
14.66 


i.n 

1.86 
1.8ÚÍ 
2.15 
1.02 
1.87 
1.79 
1.95 
lv76. 
1.81 
2.00 
1.T3 
2.00 
1.85 
1.80 
1.81 
1.94 
1.86 


40.88 
4jS,08 
41.44 
41.7ft 
48U2 
48.(X> 
42.02 
9Í.H 
88.0< 
42197 

42 oa' 

4i:oo 

88.08 
88.45' 
• 41.07 
87.55 
89.06 
88 47 


^ Spitzer, Indiana Agricultural Experiment Station, 1910. 

* McGill, Inland Rev. Dept., Ottawa, Bulletin No. 144, Í908. 

* Cochran, Special Report of Analysis of Condensed Milks and Infants' 
Foods, Pennsylvania Dept. of Agriculture, 1905. 
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Evaporated Milk. — The same factors which control the 
chemical composition of sweetened condensed milk, also govern 
that of the unsw'^eetened product, with the exception that the 
cañe sugar is absent. 

The following figures represent, in round numbers, the 
average composition of evaporated milk as obtained from anal- 
yses of a large number of American brands. 

Average Composition of Evaporated Milk 

Water 73 per cent. 

/fat 8.3 per cent.^ 

proteids 7.5 per cent. I 

— ™ >| lactose 9.7 per cent. í ^7 Per cent. 

I ash 1.5 per cent. J 

100 per cent. 

The chemical and physical properties of the various ingre- 
dients in unsweetened condensed milk are afFected to a greater 
extent than in the case of sweetened condensed milk. This is 
largely due to exposure of the evaporated milk to high tempera- 
tures in the sterilizer. 

Water and Sdids are governed by the degree of concentra- 
tion and the relative per cent, of the same constituents in the 
fresh milk. The per cent, of solids admissible in evaporated milk 
is largely dependent on the chemical and physical properties of 
the milk and the sterilizing temperatures employed. Excess 
in solids in this product jeopardizes its marketable properties, 
owing to the tendency of the proteids to form hard lumps of 
curd during the sterilizing process. Evaporated milk very low 
in solids tends toward the separation of its butter fat in storage. 
Analyses show a range of from 23 to 31 per cent, solids. Since 
the per cent, of solids necessary and possible to be contained in 
marketable evaporated milk, largely depends on the properties 
of milk, and, since these properties again are principally con- 
trolled by locality, season of year, crop, feed and weather con- 
ditions and the quality of the fresh milk, the solids in milk from 
any given season of the year may vary very considerably. In 
some localities and at certain times of the year the best results 
may be obtained with evaporated milk containing 28 per cent 
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salids. In other localities it may be difficult at certain seasons 
of the year, to incorpórate more than 24 per cent. soHds without 
injuring or destroyíng the marketable properties of the product.^ 

Butter Fat. — The fat varíes with the per cent, of fat in the 
fresh milk and with the degree of concentration. No fat is lost 
during the process of condensing and sterilizing.^ It has been 
claim^d by some that in the process of manufacture, the volatile 
fatty acids escape and that the evaporated milk therefore con- 
tains less fat than the fresh milk from which it is made, times 
the degree of concentration. If this were true the loss of fat in 
the evaporated milk would not exceed .25 of 1 per cent. But 
analyses show that the fat in the evaporated milk is entirely 
normal in composition and contains the same proportion of 
volatile fatty acids as the fat in the fresh milk. 

The Composition of Milk Fats in Evaporated Milk.^ 


Dtto oí 
Ifannfaotum 

Mélnl 
Ntunbflr 

IbdliM 
Number 

Meltlng Potnt ot 
MSzed Fats 

Uúttau FolBt of 

Inaolubl» Fatly 

Acida 

Aiiflnist. 1908 

28.48 
29.52 

88.64 
88.60 

88.8 degrees C. 
83.4 desrrees C. 

41.0 dearrees C. 

November, 1908 

41.2 degrees C. 


In the evaporated milk there is a strong tendency for the 
fat to sepárate out during storagé and to churn in transportation. 
This is largely avoided by the proper adjustment of the steriliz- 
ing process and by use of the homogenizer. 

Proteids. — «The proteids vary . with the per cent, of total 
proteids in the fresh milk and the degree of concentration. 
Similar to the case of sweelened condensed milk, there is a ten- 
dency of a slight loss of proteids in evaporated milk due to 
mechanical adhesión of a part of the precipitated curd to the 
heating surfaces in the forewarmers and in the vacutim pan. 

Most of the coagulable milk albumin is precipitated. Fresh 
milk contains about .16 per cent, of albumin that is not coagu- 
lable by heat.^ The relation óf soluble and insoluble curd is 


^Hunzlker, Indiana Agrlcultural Experlment Statlon, Twenty-first An- 
nual Report, 1908, pages 67-68. 

* Hunziker and Spitzer, Indiana Agricultural Ezperiment Statlon, Bulletin 
No. 134. 

' Hunziker, Indiana Agricultural Experiment Station, Bulletin No. 148. 
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shown in the following table which represents analyses of dif- 
ferent brands of evaporated milk: 

Soluble and Insoluble Curd in Evaporated Milk.^ 


Brand 


Gold Milk . . . , 
Columbine . . . 
Every Day . . . 
Gold Milk . . . . 

Star 

Moming Glory 

Carnation 

Beauty 

Van Camp's . , 

Monarch 

Diadem 

Reindeer 

Wilson's 

Dundee 

Average . . . , 


Insoluble 

Curd 
Per Cent. 

Soluble 

Albumin 

Per Cent. 

Total 
Proteids , 
Per Cent. 

8.44 

.46 

8.90 

7.41 

.49 

7.90 

7.54 

.46 

8.0 

7.37 

.33 

7.70 

7.86 

.30 

8.16 

8.28 

.34 

8.62 

6.49 

" .52 

6.91 

8.39 

.39 

8.78 . 

7.52 

.42 

7.94 

6.77 

.52 

7.29 

7.06 

.42 

7.48 

6.88 

.52 

7.40 

6.89 

.49 

7.38 

7.21 

.44 

7.65 

7.436 

.429 

. 7.865 


The above figures show that, in the evaporated milk, prac- 
tically all of the coagulable albumin is changed to insoluble curd. 
The brands analysed contained evaporated milk condensed at 
the ratio of 2 to 2.4 parts of fresh milk to 1 part of evaporated 
milk. The soluble albumin found corresponds with the albumin 
not coagulable by heat, normally found in fresh milk, times the 
ratio of concentration. 

The casein is largely precipitated by the sterilizing heat, 
but is present in the form of very finely divided particles. This 
is due to the mechanical shaking to which the evaporated milk 
is subjected in the sterilizer and in the shaker. In many batches 
of evaporated milk the precipitation of the casein during sterili- 
zation is so fine that the product is perfectly smooth without 
shaking. The casein in evaporated milk does not respond to the 
action of rennet as does the casein in fresh milk. 


^Hunziker, Indiana Afirricultural Bxperlment Station, BuUetins Nos. 1S4 
and 148. 
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Milk Sugar. — The milk sugar is present in per cent, corre- 
sponding with that of the original milk, times the degree of con- 
centration. A portion of it has undergone oxidation (carameli- 
zation) diie to the high sterilizing temperatures. It gives to the 
evaporated milk a yellow to light brown color. The higher the 
.sterilizing temperature. and the longer the exposure of the evapo- 
rated milk to this heat, the darker is its color. 

Ash. — ^The mineral constituents also are present in nearly 
the same proportion to the other solids, as in fresh milk. They 
are largely rendered insoluble by the sterilizing process. The 
lime constituents frequently are found in the'bottom of the cans 
in the form of hard, whitish, insoluble granules. For discussion 
of relation of ash constituents to stability of casein, see Chapter 
XXIII on **Lumpy and Curdy Evaporated Milk.'' 

Since the ash in normal fresh milk is practically constant, 
averaging about .70 per cent., the per cent, of ash in the evapo- 
rated milk is frequently used as a factor in determining the 
degree of concentration. The results may, howiever, be very 
misleading, since, when the ash is precipitated in the form of 
granules, it is practically impossible to mix it back into the milk 
in order to obtain a representative sample for analysis. 

The Specifíc Gravity ranges from 1.05 to 1.08, according to 
the degree of concentration and the specific gravity of the origi- 
nal milk. It averages about 1.065. 

Plain Condensed Bulk Milk is of very varying composítion, 
depending largely on the degree of concentration and the per 
cent, of fat present. It is usually made from partly or whoUy 
skimmed milk and is condensed at the ratio of 3 to 4 parts of 
fresh milk to 1 part of condensed milk. The same fact applies 
to the composition of concentrated milk. 
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Chemical Analyses of Twenty-four Different Brands of 

Evaporated Milk.^ 


Brand 

Solids 

Water 

Fat 

Curd 

Lac-" 
tose 

Asb 

Total 

Gold Milk 

29.25 

70.75 

9.42 

8.44 

9.75 

1.54 

99.90 

Columbine .... 

24.63 

75.37 

7.45 

7.41 

8.56 

1.36 

99.98 

Every Day .... 

26.20 

73.80 

8.07 

7.54 

9.10 

1.47 

100.15 

Gold Milk 

27.18 

72.82 

9.07 

7.39 

9.23 

1.49 

100.00 

Star 

29.04 
31.08 

70.90 
68.92 

8.35 
10.48 

7.86 
8.26 

10.37 
10.47 

1.62 
1.67 

99.16 

Morning Glory 

99.82 

Carnation .... 

23.81 

76.19 

8.05 

6.49 

7.55 

1.24 

99.49 

Beauty 

28.38 

71.62 

8.47 

8.39 

9.94 

1.56 

99.98 

Van Camp's . . . 

27.89" 

72.11 

8.69 

7.52 

9.66 

1.54 

99.52 

Wilson's 

25.23 

74.77 

8.70 

6.53 

8.68 

1.37 

100.05 

Monarch 

26.70 

73.30 

8.09 

6.77 

10.35 

1.44 

99.95 

Diadem 

24.96 

75.04 

8.16 

7.06 

7.92 

1.33 

99.51 

Reindeer 

26.66 

73.34 

8.08 

6.88 

10.21 

1.45 

99.96 

Dundee 

27.04 

72.96 

8.73 

7.21 

9.36 

1.48 

99.74 

Sundry samples 








1 

28.02 

71.98 

8.93 

7.68 

9.86 

1.61 

100.06 

2 

31.99 

68.01 

968 

8.49 

11.88 

1.69 

99.75 

3 

26.01 

73.99 

8.18 

6.77 

9.24 

1.46 

99.64 

4 

27.33 

72.67 

9.04 

6.93 

9.42 

1.51 

99.57 

5 

29.37 

70.63 

9.71 

7.34 

10.52 

1.56 

99.76 

6. 

21.12 

78.88 

7.30 

5.78 

6.78 

1.12 

99.86 

7 

23.25 

76.75 

7.98 

6.19 

7.96 

1.25 

100.13 

8 

25.48 

74.52 

8.68 

6.34 

8.67 

1.35 

99.56 

9 

26.62 

73.38 

9.20 

7.00 

9.18 

1.37 

100.13 


^ Hunsiker and Spltzer, Indiana Agricultural Experiment Station, Bunetin 
No. 184» 1909. 
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Condensed Milk Standares. — Federal condensed milk stand- 
ards were first assembled in connection with the Federal Food 
and Drugs Act, passed June, 1906, and which went in forcé Janu- 
ary 1, 1907.^ These standards provided that both, sweetened 
condensed milk and unsweetened condensed milk shall contain 
not less than 28 (twenty-eight) per cent milk solids, of which 
not less than 27.5 (twenty-seven and five-tenths) per cent, shall 
be milk fat. 

These standards have been modified repeatedly since their 
introduction.\. 2, s 'j^^g standards which have superseded them 
and their earlier modifications, and which are now in forcé are 
as follows: 

"Sweetened condensed milk, sweetened evaporated milk, 
Sweetened concentrated milk, is the product resulting from the 
evaporation of a considerable portion of the water from the 
whole, fresh, clean, lacteal secretion obtained by the complete 
milking of one or more healthy cows, properly fed and kept, 
excluding that obtained within fifteen days before and ten days 
after calving, to which sugar (sucrose) has been added. It con- 
tains, all tolerances being allowed for, not less than twenty-eight 
per cent. (28%') of total milk solids, and not less than eight peí 
cent. (81%) of milk fat.' 

"Unsweetened condensed milk, evaporated milk, concen- 
trated milk, is the product resulting from the evaporation of a 
considerable portion of the water from the whole, fresh, clean, 
lacteal secretion obtained by the complete milking of one or more 
healthy cows, properly fed and kept, excluding that obtained 
within fifteen days before and ten days after calving, and con- 
tains, all tolerances being allowed for, not less than twenty^five 
and five-tenths per cent. (25.5%) of total solids and not less than 
seven and eight-tenths per cent. (7.8%) of milk fat.' 

"Sweetened condensed skimmed milk, sweetened evaporated 
skimmed milk, sweetened concentrated skimmed milk, is the 
product resulting from the evaporation of a considerable portion 
of the water from skimmed milk to which sugar (sucrose) has 

*U. S. Department of Agriculture, Circular No. 19; also Hunzlker, Purdue 
BuUetln No. 143, 1©10. 

* U. S. Department of Agrriculture, Food Inspection Decisions Nos. 131, 
1911; «158. 1915; «170, 1917. 

• U. S. Department of Agriculture, Food Inspection Decisión No. 158, 
April 2, 1916. 
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been added. It contains, all talerances being allowed for, not 
less than twenty-eight per cent. (28%) of milk solids.' 

"Unsweetened condensed skimmed milk, evaporated skim- 
med milk, concentrated skimmed milk, is the product resulting 
from the evaporation of a considerable portion of the water from 
skimmed milk, and contains, all tolerances being allowed for, 
not less than twenty per cent. (20%;) of milk solids."* 

Requirements of Condensed Milk for Export to the AUied 
Nations. — Condensed milk shall contain not less than 9.2 per 
cent, butter fat. 

In order to meet thé high butter fat requirement in coíi- 
densed milk fiirnished to the Allies, American condenseries which 
receive largely low-testing milk are compelled to reinforce their 
product with butter fat. This is done either by removing a por- 
tion of the skim milk, or by the addition to the milk of butter 
fat in the form of cream or unsalted butter. 

CflAPTIÍR XX. 

SANITARY PURITY, DIGESTIBILITY AND VITAMINE 
PROPERTIES OF CONDENSED MILK. 

Sanitary Purity. — From the point of view of freedom from 
pathogenic and other harmful micro-organisms, most forms of 
condensed milk are superior to the average market milk. In the 
first place, the manufacture of a marketable condensed milk 
makes essential eternal vigilance in the control of the quality of 
the fresh milk. It is safe to state that in no milk plants does 
the quality of the fresh milk accepted, receive more careful atten- 
tion and average higher than in the milk condensery. The foun- 
dation of the condensed product, the fresh milk, therefore, is of 
a relatively high standard of purity. 

Again, the temperature to which the milk is subjected is suf- 
ficiently high to destroy the germs of practically all milk-borne 
diseases; so that, unless the condensed milk becomes infected 
with patliogenic germs aftcr condensing and before the tin cans 
are hermetically sealed, practically all danger from disease germs 
is eliminated. In the case of evaporated milk the marketable 


• U. 8. Department of Agrlculture, Food Inspection Decisión No. 170, 
March 31, 1917. 
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product is free from a 11 forms of germ life. The only exception 
to this rule would apply to concentrated milk, in the manufacture 
of which the milk is not heated to temperatures detrimental to 
the life of bacteria. 

Digestibility. — In this discussion of the digestibility of con- 
densed milk it is assumed, that the condensed milk, unless used 
in admixture with other foods, is diluted to approximately the 
consistency of normal milk. -If consumed as a drink, similar to 
milk but without proper dilution, its concentration, and con- 
sequent excessive richness, would obviously seriously interfere 
with digestión. While there are no experimental data available 
concerning the digestibility of condensed milk, the results of 
feeding experiments with heated, pasteurized or sterilized milk 
vs. raw milk, m:ay furnish a logical guide as to the dietetic effect 
of condensed milk. Milk pasteurized at high temperatures, or 
sterilized, may be considered comparable, as far as the effect of 
heat is concerned, to condensed milk. 

Doane and Price^ report the following experimental results : 
"Raw milk is more easily digested when fed to calves than either 
pasteurized, or cooked milk. Contrary to theory^ cooked milk, 
when fed to the calves used in these experiments, caused violent 
scouring in the majority of triáis. A majority of physicians in 
charge of children's hospitals corresponded with, favored the use 
of raw milk for infants when the milk is known to be in perfect 
condition, but favored pasteurized milk under ordinary condi- 
tions. With one exception all the physicians corresponded w'ith, 
discouraged the use of cooked, or sterilized milk for infant 
feeding.'' 

Rosenau* states that '*Comparative observations upon in- 
fants under the same conditions show that they flourish quite as 
well upon heated milk as upon raw milk. Laboratory experi- 
ments as well as clinical observations coincide with the view, 
that heated milk is quite as digestible as raw milk. In fact it is 
now claimed to be more so. Metabolism experiments indicate 
that the utilization of calcium and iron in the body is more com- 
plete in children fed upon boiled cow's milk, than in those fed 
upon raw cow's milk. 


* Doane and Price, Maryland Agrricultural Experlment Station, BuHetin 
No. 77, 1901. 

* Rosenau, United States Department of Agrlculture, Bureau of Animal 
Industry, Circular No. 153, 1910. 
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. Stutzer^ who conducted experiments of artificial digestión 
reports in favor, of bpiled milk, while similar investigations made 
by Ellenberger and Hofmeister^ shovved no diíference in the 
digestibility between raw and cooked milk. 

Rodet^ who experimented with dogs noticed a slight dií- 
ference in favor of boiled milk. Bruning* fed dogs, pigs, rabbits, 
and guinea pigs with raw and sterilized milk and reports that 
all results were in favor of the sterilized milk. Bruckler's'^ ex- 
periments with dogs showed that the animáis gained more in 
weight on sterilized milk than on raw milk, but^that their general 
health, vigor and vitality was better when fed raw milk. Variot® 
observed no diíference in the effect on infants between raw and 
boiled milk. 

The foregoing citations suggest that our knowledge of the 
digestibility of heated or boiled milk is exceedingly limited and 
that the results obtained and conclusions drawn by the various 
investigators are at variance. In experiments with the living 
organism, and confined to so few specimens as seems to have been 
the case in the work reported, the factors of individuality and 
environment are a constant stumbling block, magnifying the 
limit of experimental error and weakening the conclusiveness of 
the results. On the basis of our present knowledge it seems 
reasonable • to conclude that, as far as the digestibility of its 
inherent ingredients is concerned, condensed milk, when con- 
sumed in properly diluted form, varies but little, if any, from 
raw milk. The absence in condensed milk of ferments, such as 
enzymes, which are destroyed in the process and which may 
assist digestión, may be considered the most important defect 
of condensed milk from the point of view of digestibility. 

In the case of sweetened condensed milk, however, the nutri- 
tive ratio of the normal milk is decisively disturbed by the pres- 
ence of large quantities of sücrose. Even when diluted to far 
beyond the composition of normal and original fluid milk, the 

^ Stutzer, Landw. Versuchs-Stationen, 40, p. 307. 

'EUenbergrer & Hofmeister, Berlcht ueber das Veterinarwesen Koenlgr- 
reich Sachsen, 1890. 

* Rodet, Compt. rend. soc. blol., 48, p. 555. 

* Brunlngr. Muenchner Mediz., Wochenschrlft, No. 8, 1905. 

* Bruningr, Zeitschrlft fuer Tlermed, 10, p. 110, 1906. 

» Bruckler, Jahrbuch fuer Kinderheilk. 66, p. 343, 1907. 

* Variot, Comp. rend., 139, p. 1002, 1904. 
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per cent of cañe sugar is stíU high, causing the nutritive ratio 
of such milk to be abnormally wide and unbalanced. The carbo 
hydrates are present far ¡n excess of the protein, fat and ash. 
If fed to infants exclusively and for a prolonged period of time, 
the growing organism is bound to suffer from malnutrition and 
at the expense of muscular development. 

Furthermore, ¡t Js conceded by the medical profession that 
sucrose is not a suitable form of carbohydrates for infants. It 
is nót as digestible as lactose, it changes the bacterial flora of the 
intestines, enhancing the developmfent of butyric acid and other 
gas-forming and putrefactive germs at the expense of Bacillus 
bifídus, which is the natural inhabitant of the intestine in normal, 
milk-fed babies. 

Sweetened condensed milk is generally highly advertised by 
the manufacturer as a suitable food for babies; it is frequently 
recommended by physicians and in some instances, it is claimed 
to have agreed with babies who were unable to take care of milk 
in any other form. It is not improbable that in these extremely 
isolated cases of baby feeding, when all other feeds failed, the 
true virtue attributed to the sweetened condensed milk, lay in 
the fact that the mothers carefully followed the directions on 
the label for dilution. The directions specify that the condensed 
milk be diluted with ten to sixteen parts of water. The majority 
of cases of digestive disorders in bottle-fed babies are undoubt- 
edly the result of the natural tendency of the mother to feed 
her child too much milk or too rich milk. When we consider 
that the ratio of concentration in sweetened condensed milk is 
only about 2.5 to 1, it is obvious that a dilution of 10 or 16 to 
1 is a great relief to the over-taxed digestive organs of infants, 
previously fed on milk too rich for normal digestión. The im- 
mediate change of the health and disposition of these babies for 
the better, as the result of turning from a prolonged siege of 
too rich food to the very dilute condensed milk, is therefore not 
surprising. 

The manufacturer of sweetened condensed milk in this coun- 
try is inclined to load his product excessively with sucrose. He 
does this largely in an effort to increase the keeping quality and 
to guard against development of fermentations in the finished 
article that ruin the goods for the market. While a certain 
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amount of sucrose is necessary to preserve this milk, yet, if the 
product is manufactured from a good quality of fresh milk, as 
it should be, and when the proper sanitary conditions are main- 
tained in all departments of the factory, sixteen pounds of cañe 
sugar per one hundred pounds of fresh milk is entirely sufficient. 
He should bear in mind that sweetened condensed milk is 
used and accepted by the consumer as a substitute for market 
milk, and it is the manufactureras moral duty to retain in this 
substitute the normal properties and composition of the product 
which it is supposed to replace, as nearly as is consistent with 
the production of a wolesome and marketable product. 

Vitamine Properties. — ^Recent discoveries by nutrition ex- 
perts^, ^ have revealed and conclusively demonstrated the pres- 
ence of vitamines, or chemically unknown substances of food 
origin, that are essential for the normal performance of the 
function of animal life. Extensive feeding expcriments have 
shown, that before complete growth can occur in a young animal, 
or for prolonged maintenance, or for the prevention of certain 
diseases, the diet, besides being adequate as regards its content 
of proteins, carbohydrates, fats and mineral salts, must contain 
certain, at present unidentified accessory substances, popularly 
called vitamines. * 

Hart and his co-workers enumérate three of these vitamine 
substances, namely, water-soluble vitamines ór antineuritic 
vitamines; fat soluble vitamines or antixerophthalmic vitamines; 
and antiscorbutic vitamines. The absence in the diet of each, 
or all of these vitamine substances causes stunting of growth 
and the development of certain characteristic diseases. 

Water-Soluble Vitamine. — The absence of this vitamine in 
the diet retards and stunts growth and leads to such diseases 
as polyneuritis and beriberi (paralysis). The water-soluble vi- 
tamine is present in a variety of foods and constitutes an inherent 
part of the non-fatty portion of milk. 

Fat-Soluble Vitamine. — ^l'he absence of this substance in 
the diet retards and stunts growth and leads to the disease of 
xerophthalmia (an eye disease culminating in blindness). The 

' ^HcCk>num, The Newer Knowledgre of Nutrition, 1918. 
'Hart» Stoenbock and Smith, Studies of Experimental Scuryy, Journal 
BlolDffleal Chemioal Chemistry, Vol. XXXVIII, No. 2, 1919. 
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fat-soluble vitamine is present abundantly ín a very Hmited Hst 
of foods, namely, in butter fat, tgg fat, cod liver oil, the fats of 
the vital organs and in the leaves of plants. It is not containcd 
in ordinary animal fats such as lard, ñor in any of the vegetable 
fats. ' ' 

Antiscorbutic Vitamine. — The absence of this vitatnine sub- 
stance in the diet causes the development of scurvy and similar 
scorbutic diseases and skin diseases. The antiscorbutic vitanaine 
appears to be present in many foods, similar to the water- 
soluble vitamine, and it is abundantly preísent in raw milk. 

Effect of Heat Employed in the Manufacture of Condensed 
Milk on These Vitaminas. — The heat to which condensed tnilk 
is subjected in the process of manufacture does not rob the con- 
densed milk of the water-soluble and fat-soluble vitamines, so 
far as our knowledge, based on data now available, is concerned. 
This applies to all kinds of condensed and evapora,ted milk made 
from whole milk. From the standpoint of these two growth- 
promoting and curative vitamines, all forms pf condensed whole 
milk are, therefore, equally desirable for inf^nt feedipg,^ íor 
children and for the adult, as is whole milk. .' ' '^ 

' ' ■ y ■ j j "1" i 

On the other hand, skim condensed milk is nót asatisfaqtpry 
food for the growing young. It la,cks the indispensable fat- 
soluble accessory and unless supplemented by ^gg yolk, e.od 
liver oil or butter, its consumption by the young in .the place, of 
whole milk, or in the place of condensed milk made from whole 
milk, will prove disastrous to the growth and well-being of those 
who are restricted to such a diet. 

Ñor does imitation condensed milk, such as the "Hebe" 
product, in which the butter fat has been replaced by a Vjegjptable 
fat, supplement the lacking fat-soluble vitamine substance. The 
public should clearly understand that in milk or condensed milk, 
there is no substitute for butter fat and when the butter fat is 
removed the product no longer can take the place of milk. Seé 
also ^'Addition of Artificial Fats," Chapter XXIV. 

The antiscorbutic vitamine, on the other hand appears 
to be destroyed in the process of manufacture of evaporat^d 
milk, as shown by Hart in experiments with guinea pigs. Hart 
found that commercial unsweetened condensed midk:í(»ieamng 


CosT oF Manuí'acture 217 

eyaporated milk), had lost its antiscorbutic properties when 
used in quantities equivalent to an amoiint of raw milk wjiich 
wGuld,íprevent scurvy in guinea pigs on a diet of rolled oats 
and.^md.hav. - 

-Hart's Tesiilts agree, with those of many other investíga- 
tors in the fact that the exposure of milk to sterilizing tempera- 
ture, deprives the product of its antiscorbutic properties. On 
the basis of these facts evaporated milk cannot be recommended 
as an exclusive rniík díet for babies and children. If evapo- 
rated milk must be used for infant feeding, some antiscorbutic 
supplefnentary, foód, such as orange juice, should be fed in con- 
junctioñ with the exclusive use of evaporated milk or similar 
heatéd milk product. 

To what extént the antiscorbutic , properties of milk are 
preserved or destroyed in the manufacture of sweetened con- 
densed milk, has nót as yet been experimentally demonstráted. 
This prodúKít is not exposed to sterilizing temperatures and yet 
it is heáted at least to the boiling point. The safer course to 
follow here, too, if sweetened condensed milk must take the 
place of normal raw or pasteurized milk, is to feed it in con- 
junction with a known antiscorbutic supplementary food, such 
as orange juice. 

Chaptkr XXI. 

CÓST OF MANUFACTURE. 

, General Discussion. — The cost of manufacture varíes, in a 
general way, with the organization and size of the factory, 
capacity of machinery and the amount of the output. These 
variations are further modified by the cost of available labor, 
the price of milk, cañe sugar, tin cans, box shooks, coal and 
other supplies, etc. 

In a properly organized plant the cost of manufacture per 
case of finished product decreases with the increase of the out- 
put,. provided that the capacity of the machinery is sufficient to 
take care of such increase. When the plant is forced beyond 
its, capacity, the factory opera tes at a disadvantage, and the 
extra labor and possible waste and losses tend to increase the 
cost per case. When the output drope below 100 to 150 cases 
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per day, profitable manufacture bccomes difficult, the overhead 
expense is out of proportion with the business, the factory cán- 
not take advantage of rebates in the purchase of supplies, the 
factory labor is relatively high, because skilled men have to 
do manual labor, and occasional losses due to spoiled goods 
devour the profits of a comparatively large portion of the entire 
output. 

The price of milk fluctuates with season and proximity and 
strength of competing markets. The pre-war fluctuations em- 
braced a range of from $1.00 to $2.00 per one hundred pounds of 
fluid milk, or twenty-five to fifty cents per pound of butter fat. 
Máximum war prices and post-war prices up to and including 
January 1, 1920, reached the figure of $4.17 per 100 pounds of 
milk. 

Cañe sugar varíes in price largely with the season and with 
the success or failure of the sugar cañe crop. Sugar prices 
usually reach their climax in fall and their minimum price in 
late winter or early spring. Pre-war variations usually fell 
within the limits of $4.00 and $6.50 per one hundred pounds of 
sugar. Since the war and up to January 1, 1920, the price of 
sugar has risen to 17 cents per pound. 

Tin cans vary in price with style of can and whether made 
in the condensery or bought from a can-making concern. Some 
faetones are paying more or less heavy royalties for the priv- 
ilege of using certain patents of cans. Cans intended to be 
sealed without the use of solder, but which are gtiaranteed to 
make a hermetical seal, are generally higher in price than those 
in the sealing of which solder is used.. This diíference in price, 
however, is offset, in part at least, by the cost of the solder 
and gasoline. Cans purchased from can-making concems usually 
are more expensive than cans manufactured in the condensery. 
This holds true only where the tin-shop of the condensery is 
properly equipped and efficiently manned. In normal times 
the cost of cans bought from can-making concerns is about 45 
cents per case of 14 ounce cans and 55 cents per case of talíl 
size cans, varying somewhat with size and style of can; when 
made in the condensery the price may be lowered from 10 to 
20 per cent. January 1, 1920, prices for cans were about 88 cents 
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per case of 48 14-ounce cans and about 99 cents per ¿ase of 48 
cans for tall-size cans. 

The cost of coal varíes with quality and locality. Under 
avcrage conditíons, the condensing and packing of one pound 
of fluid milk requires about three-tenths of a pound of coal or 
thirty to forty pounds per case. A good quality of ''mine run" 
can be laid dowti at the factory in states near the coal región, 
like Indiana and Illinois for about $2.50 per ton, or in northern 
States, like Wisconsin, for about $3.30 per ton. The cost of coal 
per case, thereforc, may vary from about three and eight-tenths 
to six and a half cents per case. Where natural gas or refuse 
from lumber milis is available, the cost of fuel may be reduced 
materially by the use of these substi tutes for coal. Máximum 
war price raísed the cost of coal to about 9 cents per case. 

Solder and gasoline for sealing the cans average about three 
and a half cents per case. The price of solder is about twenty- 
seven cents per pound and the solder used per case of forty- 
eight cans, amounts to about one-tenth of a pound. Máximum 
war price raised it to about 7c per case. 

For venthole cans 'the amount of solder needed is from .3 
to .5 of one ounce per case, making the cost in normal times 
about scven-tenths of one cent for tall size cans. 

In the case of the sanitary can and other cans with solder- 
less seáis this ítem drops out entirely. 

The labels vary in price according to quality of paper, and 
elaborateness of printing. The average cost of labels is about 
four cents per case. Máximum war price about 8 cents per case. 

The box shooks and nails per case cost about eight to ten 
cents. January 1, 19¿0, the price of box shooks per case for Í4 
ounce cans was about 23 cents and per case for tall size cans 
about 26 cents. In the case of fibre boxes the cost per case is 
about 18 cents. 

The factory labor for pre-war conditions was about 12 to 
l.S cents per case and the administration expense about 5 to 
10 cents per case, varying widely, of course, with the type 
of organization and volume of business. January 1, 1920, the 
factory labor was about 20 to 25 cents per case and the adminis- 
tration expense about 10 cents per case. 
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Under pre-war conditions the freight and other transporta- 
tion ranged from about 10 to 25 cents per case averaging about 
12 to 15 cents. January 1, 1920, the freight and other transpor- 
tation charges would average 35 cents per case. 

Before the war the investment in factory, equipment and 
operating expense for a plant with a capacity of about 500 cases 
per day amonnted to about $75,000, placing the interest and 
insurance at about 3 cents per case. January 1, 1920, a factory 
pf similar capacity wKDuld involve an investment in building, 
equipment and operating expense of about $175,000, placing the 
interest and insurance at about 7 cents per case. 

The selling expense varíes widely ranging from less than 
10 cents to 20 cents per case. 

The following tabulated summary may serve to bring out 
the approximate relative expense per case of sweetened con- 
densed milk and evaporated milk more clearly : 

Sweetened Condensed Milk. 

Cost per case of forty-eight cans. These cans weigh 14 ounces 
net per can or 42 pounds net per case. They are known in the 

trade as 14 ounce cans. 

1913. 1920. 

105 Ibs. milk (concentration J^^- '1- 

2.5:1) @ $1.50 $1.57 @ $ 3.60 $3.78 

16.8 Ibs. sugar (16 ibs. per 100) @ 5.00 .84 @ 15.75 2.64 

Tin cans (sanitary) 45 .88 

Boxes (wooden) 075 .23 

Labels 040 .05 

Coal 045 .09 

Factory labor 15 .23 

Administration expense 07 .10 

Freight 14 .35 

Selling expense 10 .12 

Interest and insurance on investment 

and on operating capital 03 .07 


Total cost per case $3.51 $8.54 
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m 

Evaporated Milk. 

Cost per case of forty-eight tall size cans, weighing forty-eight 

pounds net. 

1913. 1920. 

Jan. 1. 

106 Ibs. milk @ $1.50 $1.59 @ $3.60 $3.816 

Cans (vent hole) 55 .988 

Boxes (wood) 075 .262 

Labels 04 .053 

Soíder and gasoline (vent hole cans) . . . .007 .014 

Coal 045 . .09 

Factory labor 15 .23 

Administration expense 07 .10 

Freight 14 .35 

Selling expense 10 .12 

Interest and insurance on investment 

and on operating capital 03 .07 

Total cost per case $2.797 $6.093 


PART V. 

CONDENSED MILK DEFECTS, THEIR CAUSES 

AND PREVENTIONS 

Chaptkr XXII. 

CLASSIFICATION OF DEFECTS. 

Many are the defects which cause condensed milk to be 
rejected on th'e market and numeroiis are the avenues that may 
lead to the manufacture of defective milk. The milk faults mav 
be of mechanical, physical, chemical, or bacteriológica! origin, or 
they may be diie to a combination oí two or more of these forces. 
In some instances the defects can be detected in milk during; or 
immediately after the process, in which case they may be rem- 
edied, or their recurrence prevented. But more often, severa! 
weelcs may pass before abnormaÜties develop and before the 
manufacturer reaüzes that something is wrong with the mülc. 
In the meantime, the conditions which originally produced the 
mülc defect may have so changed, that it is exceedingly difficult 
to lócate the seat of the original trouble. 

DEFECTIVE SWEETENED CONDENSED MILK. 

The following are the chief and most common defects of 
sweetened condensed milk: 

1. Sandy, rough or gritty 

2. Settled 

3. Thickened and cheesy 

4. Liimpy, white or yellow buttons 

5. Blown or fermented 

6. Rancid 

7. Futrid 

8. Brown 

9. Metallic. 
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Sandy, Rough or Gritty Sweetened Condensed Milk. 

General Description. — This is condensed milk in which a por- 
tion of the milk sugar has been precipi.tated in the form («f large 
crystals, the size of the crystals depending on the conditions 
causing crystallization. First-class sweetened condensed mük 
is smooth and velvety. Such málk is not entirely free from sugar 
crystals, but they are so minute in size that they do not rob the 
condensed milk of its natural smoothness. In sandy or gritty 
condensed milk the crystals ar^ very numerous and large enough 
to grind between the teeth, similar to salt crystals in gritty 
butter. The presence of these crystals is also noticeable to the 
naked eye ; the milk looks candied.. 

Causes and Prevention. — The sugar crystals which render 
the condensed milk rough and sandy consist largely of milk 
sugar. The solubility of milk sugar is relatively low. Milk 
sugar requires about six times its weight of water at ordinary 
temperature for complete solution. Condensed milk contains 
from 12.5 to 15 per cent milk sugar and only about 26.5 per cent 
water. The ratio of milk sugar to water in sweetened con- 
densed milk, therefore, is 1 :2, whüe for complete solution it 
should be 1 :6. The milk sugar in this product is present in a 
supersaturated solution and any conditian which favors sugar 
crystallization strongly tends to precipitate this milk sugar, 
because there is more of it present in the milk than the available 
water is capable of readily keeping in solution. The chief factor 
that prevents the milk sugar from precipitating very badly is 
the great viscosity of the condensed milk. This is largely due 
to the caseous matter and the cañe sugar. ^ 

Cañe Sugar Content. — It has been argued that the large 
amount of sucrose which sweetened condensed milk contains, 
is the principal cause of sandy milk and of sugar sediment in 
the bottom of the tin cans, and that a reduction in the amount 
of sucrose lessens the tendency of the sugar to crystallize and 
the milk to become sandy. This line of reasoning is erroneous. 
The presence, in water, of sucrose in solution does not materially 
lessen the power of the water to dissolve milk sugar, provided 
that the sucrose solution is not a saturated one. Sweetened 
condensed mjlk, contains about 35 to 45 per cent sucrose and 
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24 to 28 per cent water. Sucrose dissolves in one half its weight 
of water. The sweetened condensed milk does not, therefore, 
contain a saturated solution of sucrose. 

Incomplete Solution of Sucrose. — If the finished product is 
to be smooth and free from sandiness, it is essential that the 
sucrose which is added to the hot, fresh milk be thoroughly dis- 
solved before the mixture reaches the vacuum pan. Undissolved 
sugar crystals in a médium as highly concentrated as sweetened 
condensed milk have much the same effect in a physical way, as 
have bacteria in fresh milk in a biological way ; they multiply 
rapidly. Therefore, if all the sugar added to the fluid milk is 
not completely dissolved, the undissolved sugar crystals give 
rise to wholesale precipitation of the milk sugar in this product 
after manufacture, and since the crystals of undissolved cañe sugar 
are relatively large, their presence also gives rise to the formation 
of milk sugar crystals of large size. Henee the sandy condition of 
the condensed milk. Complete solution of the cañe sugar can 
best be accomplished by heating the liquid, milk or water, in 
which the sugar is to be dissolved, to the boiling point and by 
boiling the mixture for several minutes ; or by placing the sugar 
on a large wire mesh strainer (about eighty meshes to the inch) 
which stretches across the sugar well and allowing hot milk to 
run over this sugar into the well below. In this way the sugar 
crystals must dissolve before they can reach the sugar well. 

One of the safest methods of insuring complete solution of 
the cañe sugar is to dissolve it in a sepárate kettle in a sufficient 
quantity of boiling water (preferably distilled water) and boil- 
ing thé syrup for five to fifteen minutes. If the syrup thus made 
is given a few minutes rest it should become perfectly clear; 
by its clearness, the purity of the sugar can also be observed. 
If a scum forms at the top it should be removed; then the hot 
sugar syrup is drawn into the pan. Care should be taken that 
the milk already condensing in the pan has not become too con- 
centrated, otherwise sugar crystallization may set in. It is ad- 
visable to inject the sugar syrup gradually, rather than to wait 
until nearly all the milk is in the pan. 

Excessive Chilling in the Pan. — The cause of grittiness of 
condensed milk may lie in the pan itself. Where the water used 
for condensing is very cold, and where one end of the spray 
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pipe in the condenser is very cióse to the goose neck of the pan, 
as is the case with most of the vaciium pans ¡n use, which are 
equipped with horizontal spray condenser, the chilling of the 
vapors and of the spray of milk rising from the pan is so 
sudden, that sugar crystals are prone to form in the spray and 
along the walls of the pan. These crystals either stick to the 
side of the pan, or fall back into the' milk where they later muí- 
tiply and cause the milk to become sugary. Trouble from this 
source can be avoided by either raising the temperature of the 
water that goes to the condenser which is, however, not practica! 
under most conditions, or by closing the holes in that portion of 
the spray pipe which is nearest the pan. This can easily be done 
by wrapping a piece of galvanizad iron or tinplate around the 
portion of the spray pipe to be closed, or by filling the holes 
with solder, or by replacing the oíd spray pipe by a new and 
shorter one, properly constructed. • 

Superheating at End of Batch. — Sometimes the manufac^ 
turer is persistently tróubled with the apprearance of crystals in 
the condensed milk of monstrous size, as large as rice kcrnels; 
this condition arrives usually very gradually. During the first 
few days after manufacture, only a few of these large crystals 
may appear in some of the cans. In the course of a few weeks, 
all of the cans may contain specimen of these "rice crystals'* 
which increase in number until the entire contents of the cans 
are one mass of "rice crystals," rendering the milk unsalable. 
The direct causes of this particular kind of sugar crystallization 
are excessive concentration of the condensed milk, the use of 
too much steam pressure in the coils and jacket when condensa- 
tion is near completion, delay in the drawing off of the condensed 
milk from the pan, and leaky steam valves in the pipes leading 
to jacket and coils. 

Toward the end of the coiidensing process the milk becomes 
heavy, thick and syrupy, and boils with much less violence. If, 
at this stage of the process, excessive steam pressure is used in 
the jacket and coils, the milk is superheated, often causing the 
precipita tion of "rice crystals." Again, where the finished con- 
densed. milk is drawn from the pan very slowly, either owing to 
too small an outlet in the bottom of the pan, or because the milk 
is forced to run through a strainer attached to the. outlet, or 
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because the finíshed condensed milk is retained in the pan as . 
the result of an accident, in all of these cases there is danger 
of superheating, and therefore, of the production of these large 
crystals. This danger is especially great, where the valves of 
the steam pipes leading to the jacket and coils are leaking, as 
is often the case. The avoidance of excessive concentration and 
the removal of any conditions that tehd to expose the finished 
or the nearly finished condensed milk to excessive heat will 
usually prevent fiirther trouble of this sort. 

Experimental results by C. S. Hudson,^ on the solubility 
and crystallization of milk sugar also show that milk sugar 
crystals of large size were obtained by evaporation of a solution 
of milk silgar at 95 degrees C. (203 degrees F.). 

Excessive Concentration. — Un as much as the initial cause 
of the precipitation of a portion of the milk sugar which leads to 
the production 6í sandy condensed milk lies in the fact that the 
milk sugar is present in this product in the form of a super- 
saturated solution, it is obvious that the danger of sugar crystal- 
lization and sandiness in this product increases with the increase 
in concentration. This is fully borne oiit by practical experience. 
The higher the ratio of concentration the more difficult it be- 
comíeis to manufacture a smooth condensed milk. The danger 
here is further augmented by the fact that in the very highly 
concentrated product the tendency of superheating is augmented. 
And the superheating gives rise to very large crystals wihich 
render the product exceedingly coarse. The superheating is 
due to the increased sluggishness of the very thick condensed 
milk in the pan, it ceases to bóil vigorously enough and is there- 
fore excessively exposed to the hot coils. It is further due to 
the slowness with which this product leaves the hot pan. 

Improper Cooling. — The method used for cooling the sweet- 
ened condensed milk after it leaves the vacuum pan is another 
important factor determining the smoothness or grittiness of the 
finished product. The chief principies involved here are the 
rapidity and extent of cooling and the amount of agitation to 
which the condensed milk is subjected. 

In order to fully appreciate the importance of strict atten- 

^Hudson, The Hydratlon of Milk Sugar In Solution, Jour. Am. Chem. 
Boc, Vol. XXVI, No. 9, 1904. 
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tion to details in the cooling process of sweetened condensad 
milk, it should be understood, that the formation of large sugar 
crystals in concentrated solutions is enhanced by sudden chilling 
and by excessive agitation of these solutions. In the case of 
cooling in 10 gallón cans as described under "Cooling of Sweet- 
ened Condensed Mük," Chapter VI., the sudden and irregular 
chilling of a part or all of the sweetened condensed milk in 
the cooling cans is the result of the use of badly dented cans, 
poorly fitting paddles, a warped condition oí the pivots on which 
the cog wheels in the bottom< of the cooling vat revolve, too cold 
water, and the application of too much cold water. 

The, paddles must scrape all parts of the sides of the cans, 
from top to bottom. This is possible only when the cans are 
intact and their sides are smooth and free from indentations. 
The paddles must be adjusted properly so that their edges fit 
snugly against the sides of the cans, they must be firmly fastened 
tothe cross bars and forced against the sides of the cans by 
springs. In order that the cans may run true they must properly 
fit into the rim of the cog wheels in the bottom of the cooling 
vat and the pivots on which the cog ^\iheels revolve müst be per- 
pendicular. If the pivots are warped, the cog wheels cannot 
run true and the cans wobble; this causes uneven and incom- 
plete scraping of the sides of cans by the paddles. 

The water in the cooling vat should not be cold, but have 
a temperature of about 90 degrees F. when the cans, filled with 
the hot condensed milk, are set into the vat. The cold water 
should flow into the vat slowly and be evenly distributed 
throughout the vat. This is best accomplished by the installa- 
tion of a perforated pipe running the entire length of the vat. 
The cooling must be gradual. See also "Excessive Stirring." 

Excessive Stirring. — The cans should revolve slowly. Rapid 
revolution causes excessive agitation of the condensed milk, 
which stimulates the formation of crystals. About five revolu- 
tions per minute is satisfactory. In order to make more effective 
the proper scraping of the cans by the paddles when the cans 
revoíve slowly, it is advisable to install two paddles in each can, 
touching the periphery of the can on opposite sides. 

When the milk has been cooled to between 60 and 70 de- 
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grees F., the water should be drawn from the cooUng vat, or 
the cans should be removed at once. 

In the newer method of cooling, in which the hot condensed 
milk is forced under pressure through a H to 1^ inch coil sub- 
merged in a tank of cold water, there appears to be a happy 
relation of rapidity of cooling and type of agitation, that assists 
in avoiding the formation of crystals sufficiently large to cause 
sandiness. While the cooling here takes place with relatively 
great rapidity, the agitation appears to be such as to prevent, in 
a large measure, the production of excessively large crystals. 
If this cooled condensed milk, leaving the cooling coil, is sub- 
sequently further subjected to slow agitation for several hours, 
the formation of small crystals is encouraged and the preven- 
tion of a sandy condition of the product is facilitated. Por de- 
tailed description of this m.ethod of cooling see "Cooling Sweet- 
ened Condensed Milk," Chapter VI. 

Warming Up of Too Cold Condensed Milk. — Finally, if the 
condensed milk is cooled to too low a temperature, either by 
mistake, or as the result of the cans of cooled milk standing in 
a very cold room over night, so that the condensed milk is too 
thick to run through the fiUing machine, it is best to warm 
it up by simply allowing it to stand in a warm room. The prac- 
tice of setting the cans back into the cooling tank and revolving 
them in warm water is objectionable, since this stirring of the 
milk, while it is warming, seems invariably to produce whole- 
sale sugar crystallization, and therefore, causes the condensed 
milk to become very gritty. (See also Settled Condensed Milk.) 

Settled Sweetened Condensed Milk. 

General Description. — By the term "settled milk'' the con- 
densed milk man refers to condensed milk which has precipi- 
tated and thrown down a portion of its sugar, forming a deposit 
of sugar crystals in the bottom of the can or barrel. This de- 
posit may vary in amount from a very thin layer to a layer an 
inch deep or more, according to the character and age of the 
milk. The nature of this sediment also differs in different cases 
of settled milk. It m.ay be soft, and upon stirring may mix in 
and dissolve readily, or it may be very dry and hard, in which 
case it sticks to the bottom of the can with great tenacity, and 
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can be removed and mixed into the milk with difíiculty only. 
Like gritty milk, settied milk is a very common condensed milk 
defect. Though it does not render the product less wholesome, 
it is an undesirable characteristic. Sucli mJlk is usually rejected 
on the market and results in a partial loss to the manufacturer. 

Causes and Prevention. — It is obvious, for reasons above 
referred to, that the conditions leading up to the production oí 
settied milk, are closely related to those that cause milk to 
become gritty. Condensed milk cannot drop its milk sugar, 
unless the latter is present in the form of crystals. The absence 
of crystals then, means that condensed milk will not settle but 
experience has shoWn that it is a practical impossibility to manu- 
facture sweetened condensed milk which contains no sugar crys- 
tals. Sugar crystals are always present in it, and the fact that 
the milk is not sandy or gritty, does not necessarily mean that 
it will not settle. Nevertheless, the removal of conditions con- 
ducive of sandy or gritty milk, diminishes the tendency of the 
formation of sugar sedimicnt. The successful and uniform pro- 
duction of condensed milk that does not settle, however, involves 
additional conditions that are not controlled by the factors 
causing gritty milk. 

Effect of Density on Sugar Sediment. — One of the chief of 
these conditions is the density of the condensed milk. The thin- 
ner the condensed milk, the greater the difference between the 
specific gravity of the liquid portion and that of the sugar crys- 
tals; therefore, the more readily will the crystals sink to the 
bottom. The viscosity of thin condensed milk, also, is less than 
that of thick milk, offering less resistance to the forcé of gravity 
of the crystals. In the manufacture of sweetened condensed 
milk that has the proper density, about 2.5 parts of fresh 
milk are condensed into one part of condensed milk. If the 
evaporation is stopped sooner, so that the ratio is much less than 
2.5 to 1, the condensed milk is usually too thin to hold its sugar 
crystals in suspensión unless its specific gravity and viscosity 
are increased by the addition of more sucrose. 

Effect of Fat Content on Sugar Sediment. — The per cent oí 
fat in milk, also, influences the specific gravity of the condensed 
milk, and therefore, has some eflfect on the settling of the sugar 
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crystals, although to a relatively slight degree. Nevertheless, 
sw^etened condensed skimmed milk will settle less readily than 
sv/eetened condensed whole milk. 

Eífect of Cañe Sugar Content on Sugar Sediment. — The per 
cent of cañe sugar materially influences the specific gravity and 
viscosity of the condensed milk. Milk with a high per cent of 
sucrose is heavier, more viscous and drops its sugar crystals 
less readily than milk with a low per cent of jsucrose. 

Tuming the Cans to Prevent Sugar Sediment. — Concerns 
who have been continuallv troubled with settled milk often resort 
to the practice of turning their cases daily, or at other regular 
interv'als. This keeps the precipitated crystals in motion, but 
it does not prevent the settling entirely. Moreover, milk des- 
tined to settle, as the result of defects in the process, cannot 
be prevented from dropping its crystals after it leaves the fac- 
tory. Some concerns have stooped to printing on their labels 
statements similar to the following: "A sediment in the bottom 
of this can indicates that this condensed milk is absolutely puré 
and free from harmful ingredients.'* Advice of the above de- 
nomination is obviously ridiculous as well as untrue. 

Adding Powdered Milk Sugar. — It has been explained that 
after the condensed milk is cooled it contains sugar crystals. If 
those crystals are large, their cubic content is relatively great 
in proportion to their surface. Their buoyancy is, therefore, 
sufficient to overeóme the resistance of the surrounding liquid 
and they vríll drop to the bottom, forníing a sediment. If these 
crystals are very small and fine they are not objectionable and 
they usually do not cause settled milk, because their gravity 
forcé is insufficient to overeóme the resistance of the viscous 
syrup. It has been further shown that the size of the sugar 
crystals is largely determined by the size of the first crystals 
present. Experience has demonstrated that the addition to 
the condensed milk before cooling, of very fine sugar crystals, 
such as powdered miilk sugar contains, encourages the formation 
of very small crystals and tends to guard against the develop- 
ment of large and coarse crystals during subsequent cooling. 
Henee sugar sediment may be greatly minimized, if not entirely 
prevented, by adding to the hot sweetened condensed milk, a 
small amount of powdered milk sugar, at the rate of a tea- 
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spoon full of milk sugar per one hundred pounds of condensad 
milk. The milk sugar must be added as soon as the condensed 
milk comes from the pan, if the milk is allowed to cool before 
the milk sugar is added, its effectiviness is largely lost. 

In order to insure the full desired action of the added pow- 
dered milk sugar, this powtíer must be transferred to.the con- 
densed milk in such a manner as to prevent its formation into 
lumps. It must be evenly and finely distributed over and in the 
condensed milk. The use of a flour sifter has been found most 
suitable for this purpose. 

Thickened and Cheesy Sweetened Condensed Milk. 

General Description. — The term "thickened and cheesy'' con- 
densed milk applies to condensed milk that has become thick 
and in some cases solid. This is a very common trouble with 
milk manufactured in late spring and early sumjner. The milk 
thickens soon after its manufacture and continúes thickening 
until it assumes the consistency of soft cheese, without the de- 
velopment of acid. In this condition it usually has a peculiar 
stale and cheesy flavor, disagreeable to the pala;te. Such milk is 
invariably rejected on the market. 

Causes and Prevcntion : Eff ect of Colostrum on Thickening. 
— It has been suggested that this spontaneous thickening is due 
to the presence in the fresh milk of colostrum milk, because this 
defect appears at a time when the majority of the cows supply- 
ing the condensery freshen. This explanation can hardly be 
considered correct and there is no experimental evidence avail- 
able substantiating it. If the presence of colostrum milk were 
the cause of it, the thickening would take place during the 
process, as the result of the action of heat on the albuminoids. 
This is not the case. This thickening begins some days and 
often some weeks after manufacture and increase& as the milk 
grows older. 

Effect of Cow's Fecd on Thickening. — Again, the cause of 
this defect has been attributed to the change in feed, the cows 
being turned from dry to succulent feed at the time when this 
tendency of the condensed milk to thicken occurs. There is 
no reliable evidence, however, of how the succulent pasture 
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grasses orí which the cows feed can hring about this thickening 
action in the condensed milk. 

Effect of Bacteria on Thickening. — A third and far more rea- 
sonable explanation is that this thickening is the resnlt of a 
fermentation process. It is quite probable that the thickening 
of sweetened condensed milk is closelv related to the sweet- 
curdling fermentation in fresh milk. The sweet-curdling of 
fresh milk is a fermentation characteristic of, and frequent dur- 
ing late spring and summer. It is caused by certain species of 
bacteria which are capable of producing a rennet-like enzyme, 
which has the power to curdle milk in the sweet state. These 
bacteria are known to be closely associated with dírt and filth, 
especially from the feces, and gain access to the milk usually 
on the farms where the production and handling of milk is not 
accomplished under most sanitary conditions. 

It is further known, as the result of analyses that, in spite 
of the large per cent of cañe silgar which sweetened condensed 
milk contains, the bacteria in it increase with the age of the 
milk. The thickening of the sweetened condensed milk in early 
summer, therefore, very probably is the result of a slow curdling 
of its casein, caused by enzymes which are produced by bacteria. 
It has further been demonstrated that condensed skimí milk 
thickens more readily than condensed w^hole milk, which may be 
explained by the fact that condensed milk without butter fat 
represents a more favorable médium for bacterial growth. Fur- 
thermore, it has been conclusively demonstrated by the writer 
and others that the addition of cañe sugar to condensed milk, 
in excess of that present in normal condensed milk, greatly 
retards thickening. This fact suggests that the higher per cent 
of sucrose has an inhibiting eífect on the enzyme-producing bac- 
teria, and perhaps, on the action of the enzyme itself. This 
condensed milk defect can be prevented entirely by using, during 
the summer months, eighteen pounds of sucrose per one hundred 
pounds of fresh milk, so that the condensed milk contains about 
45 per cent sucrose. 

Effect of Finishing in Pan With High Steam Pressure on 
Thickening. — Abnormally thick condensed milk is also the result 
of overheating the condensed milk in the vacuum pan tow^afd 
the cióse of the process. The bafch should be finished with low 
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steam pressure in the jacket and coils, not to exceed five pounds 
of pressure, and the milk should be drawn from the pan at once 
after condensation is completed. The superheating to which 
the condensed milk is siibjected in the pan, when finishing with 
a high steam pressure in jacket and coils, or when the milk is 
not drawn from the pan promptly when the vacuum pump is 
stopped, or when an eífort is made to condense to a very high 
degree of concentration, is almost sure to cause the finished 
product to spontaneously thicken with age and this tendency 
is especially pronounced in the spring and early summer. 

Effect of Age on Thickening. — Finally, all sweetened con- 
densed milk has a tendency to thicken with age. Exposure to 
high storage temperature (summer heat) hastens this action. 
The rapidity of thickening in storage increases with the increase 
in temperature. This tendency is very much reduced, therefore, 
by protecting the goods from high temperatures and by storing 
them below 60 degrees F. (See Chapter XVII on "Storage," page 
191.) 

Lumpy Sweetened Condensed Milk. 

General Description. — Lumps of varying denominations are 
not infrequently found in sweetened condensed milk. They maj^ 
be soft and permeate the contents of the can throughout, or may 
appear especially in the form of a ''smear" along the seams of 
the can ; or again, they may float on the surface, in which case 
they aré usually hard and cheesy, and either white or yellow in 
color. Their presence gives the contents of the can an unsightly 
appearance at b^est, and in many cases, they spoil its flavor. 
They naturally suggest to the consumer that something is wrong 
with the condensed milk, and cause him to reject the whole 
package. 

Causes and Prevention. — The chief causes of lumpy con- 
densed milk are : poor quality of fresh milk, unclean pipes in fac- 
tory, milk from fresh cows, acid flux in tin cans, and unclean 
and contaminated tin cans. 

Peor Quality of Fresh Milk and Unclean Factory Condi- 
tions. — Upon opening the can of condensed milk, even shortly 
after it is filled, the lid is covered with large and small lumps and 
specks sticking to the tin, presenting a very uninviting appear- 
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anee. This condition can usiially be traced back to a poor qual- 
ity of fresh milk, containing too much acid. Very often, too, the 
cause lies in the factorv itself, where it is diie to lack of clean- 
liness. A thorough inspection of milk pipes and pumps generally 
shows accumulations of remnants of milk which get into the 
milk of the succeeding batch. Where this condition exists, it is 
noticeable that the first batch of the day contains more specks 
and lumps than the succeeding ones. These lumps do not, as a 
rule, grow larger in size ñor increase in number with the age of 
the condensed milk, but they injure-its appearance to the eye, 
and certainly cannot add to the wholesomeness of the milk. They 
mi'ght easily be accompanied by the formation of ptomains. 
A more rigid inspection of all the fresh milk as it árrives at the 
factory and thorough scouring of all milk tanks and milk pumps, 
pipes and conveyors usually prevenís the recurrence of this 
defect. 

Milk from Fresh Cows. — During early spring there is a 
strong tendency of the jaxrket and coils in the vacuum pan to 
become coated with a thick layer of gelatinous and lumpy milk. 
This is probably due to the fact that ifíilk during these months 
comes largely from freshened cows and may contain some colos- 
trnm milk which coagulates when subjected to heat, or that 
the proteids of milk from these fresh cows are abnormally 
sensitive to heat. This thickened material usually does not leave 
the pan until most of the condensed milk has been drawn off. 
It, therefore, appears in the last one or two cooling cans. If 
the milk in these cans is mixed with the rest of the condensed 
milk, the lumps will appear again in the tin cans. The last cans 
drawn from the pan should, therefore, be kept sepárate. The 
con ten ts of these remnant cans may be redissolved in hot water 
and should be recondensed in a succeeding batch. In this way 
the manufacturer sustains practically no loss. In order to pre- 
vent these lumps from getting into the cooling cans, some fae- 
tones attach a strainer to the outlet of the pan. This practice 
is as unneeessary, as it is damaging to the milk in the pan. 
The straining greatly retards the removal of the milk from the 
pan, and the milk is held in the hot pan so long, as to cause 
partial superheating which is otherwise detrimental to its quality. 
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Comparative Composition of Gelatinous Coating oí the Jacket 
and Coils and of Normal Condensed Milk of the Same 

Batch, Made Apríl 23, 1908. 

Coating of Jacket Normal Condensed 



and Coils 

• 

Milk 

Moisture 

24.76 

per cent 

30.34 

per cent 

Lactose 

13.12 


,13.16 


Fat 

9.50 


7.44 


Curd 

8.14 


7.30 


Ash 

1.42 


1.80 


Acid 

.33 


.40 


Sucrose 

41.36 

• 

per cent 

40.02 



98.63 

100.46 

per cent 


The above analyses were made in order to determine the 
difference in chemical composition between that part of the batch 
which, in the spring of the year, forms a gelatinous coating oh 
the jacket and coils and that part which remains normal. The 
figures do not show as great a difference, as the physical com- 
parison of the two products would suggest. Possibly the most 
significant point these analyses show is that, while the proteids 
in the coating are higher, the ash is lower than in the normal 
condensed m'ilk. 

A large portion of the ash of milk is present in chemical 
combination with the casein, which does not curdle by heat, 
while the albumin, which is coagulated by heat, contains only 
a very small amount of ash. Therefore, the fact that an increase 
in the proteids of this gelatinous coating is accompanied by a 
decrease in the ash content, would suggest that the proteids of 
the coating of the jacket and coils consist of more albumin and 
less casein than the proteids of the normal condensed milk of 
the same batch. Since this coating of the jacket and coils occurs 
only in the spring of the year, when most of the cows freshen, 
it is reasonable to assume that this coating is the result of the 
acceptance at the factóry of milk too soon af ter calving and 
which contains excessive quantities of proteids and other sub- 
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stances which are highly sensitive to heat, such as albumin, 
colostrum, etc. 

Excess of Acid in Condensed Milk and Acid Flux ih Tin 
Cans. — The presence in the condenvSed milk of organic and 
mineral acids, in excess of the amount which normal fresh milk 
contains, is conducive of the formation of lumps. 

Excessive amounts of acid in condensed milk may be the 
result of fermentations, usually due to a poor quality of sugar, 
or of the use of acid flux in the making and sealing of the tin 
cans. Condensed milk that shows acid or gaseous fermentation 
usually contains lumps. The acid Avhich it develops as the result 
of the fermentation, curdles the casein with which it comes in 
contact. 

One of the most common channels through which condensed 
milk may become contaminated with acid mechanically, is the 
use of cans, in the manufacture and sealing of which acid flux 
was used. The acid flux generally used contains zinc chloride. 
The flux precedes the solder and some of it is bound to sweat 
through the seams into the interior of the cans. This type of 
lumps usually has a pink or brownish-red color, especially in the 
case of considerable quantities of acid flux. Zinc chloride is a 
highly poisonous product and its use in the manufacture of tin 
cans, which are intended for receptacles of human food, should 
be prohibited by law. Aside from its injurious effect on the 
health and life of the consumer, its presence, even in small quan-. 
tities in condensed milk, is a detrim.ent to its market valué. In 
such cans there accumulate, usully along the searhs, lumps and 
smeary substances which have been found to consist of casinate 
of zinc. 

Most commercial soldering fluxes consist largely of zinc 
chloride and are highly acid, although niany of these are adver- 
tised as acid-free fluxes. In order to avoid the appearance in con- 
densed milk of lumps from this source, cans should be used, in the 
manufacture of which a strictly acid-free flux is used and which 
are sealed with acid-free flux. Dry, powdered resin or resin 
dissolved in alcohol or gasoline are harmless in this respect and 
are just as efifective fluxes, as acid flux. 
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Buttons in Sweetened Condensed MUk. — Buttons, as known 
to the condensed milk manufacturer, represent a type of lumps, 
difFerent from those previously described. Buttons are lumps 
of curd of a firní and cheesy consistency. They usually float on 
top of the condensed milk in the can or barrel. They are suffi- 
ciently Jírm units so they can be readily removed and washed 
free from the condensed milk. They are of varying sizes, 
depending on the age of the condensed milk and the temperature 
at which it was stored. The older the milk and the higher the 
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storage temperature, the larger the buttons. Most of the but- 
tons are about one half inch in diameter but frequently they 
are of sufficient size to cover the cntire siirface of milk in the can. 
These buttons have a whitish-brown to yeltowish or reddish- 
brown appearance. They appear in oíd sweetened condensed 
milk more frequently than in milk that has been in storage for a 
short time only. They are entirely absent in freshly made con- 
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densed milk. They themselves have, and they give the con- 
densed milk, a cheesy, stale flavor and lend the entire prodtict 
an unsightly appearance. They deprecíate the market valué of 
sweetened condensed milk. 

Causes of Buttons. — Experience has demonstrated that but- 
tons are most prone to appear in stored condensed milk, in the 
packing of which no atteñtion was given to sanitary conditions 
in the factory and of the cans or barréis, and that the use of 
clean sterile cans and barréis and a high standard of sanitation 
in the handling of the product before packing greatly minimizes 
this defect. That they are the result of biological action, direct 
or indirect, is fairly obvious, and the fact that the milk during the 
process of manufacture is heated to temperatures destructive to 
most vegetative types of germlife, strongly suggests, that they 
are the product of reContamination of the finished product. 

Rogers. Dahlberg and Evans^ of the United States Dairy 
División investigated the causes and control of buttons experi- 
mentally. They found that the buttons are caused by the growth 
of the mold Aspergillus repens, and possibly by other molds; 
that the development of the mold colony is restricted by the 
exhaustion of the oxygen in the can or barrel, and that the button 
itself is probably due to enzyme action, continued after the 
death of the mold. 

These findings corrobórate earlier experimental results by 
the author, who was unable to develop growing mold colonies 
in normal sweetened condensed milk from inoculations with full- 
grown buttons. 

Rogers and his co-workers demonstrated that the time re- 
quired for the development of the various stages resulting in 
button formation varíes with temperature, amount of air avail- 
able and possibly other factors. The mold colony usually ap- 
peared in 5 to 10 days. Mold growth is supposed to cease in 
two to three weeks on account of the exhaustion of the air. In 
one month a reddish-brown discoloration became quite evident 
and at the end of two months the button had usually assumed 


^ L. A. Rogrers, A. O. Dahlbergr and Alice C. Evans, The Cause and Control 
of Buttons in Sweetened Condensed MUk, Jour. Dairy Science, Vol. III, No. 
2, 1920. 
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definite form. The disintegration of the mold hyphae (filament) 
proved to be a slow process, extending over 5 to 6 months. 

Prevention of But- 
Tons. — The prevention 
or control of hese but- 
tons may be accom- 
plished by: 1. exclu- 
sión of contamination, 
2. low temperature. 3. 
exclusión of oxygen. 

Exclusión of Con- 
tamination. — Contam- 
ination of the con- 
densed milk with but- 
ton-forming molds is 
most likely to occur 
during the cooling, 

holding and fiUing y,^_ ^ 

operations and as the 
result of contaminated 
cans and barréis. 

In condenseries where the milk is cooled by the oíd method 
— in open 10- gallón cans, revolving in a cold water tank and 
stirred with wooden paddles — it is not difficult to understand 
the reason for huttons. In this system the condensed milk is 
exposed to the air for hours, the 10-gallon cans and the wooden 
paddles are never sterile and are an almost sure source of con- 
tamination, unless special precautions concerning the sanitary 
condition of equipment and of the air are observed. 

In condenseries which use the continuous plan of cooling 
and holding of the sweetened condensed milk, the product is 
protected against the atmosphere of the factory from the time 
¡t leaves the vaciium pan until it enters the tin cans, and ¡f 
this equipment is kept clean and is steamed out thoroughly 
before use, which is readily and quickly done with this type 
of equipment, contamination -should be very, largely eliminated 
and buttons guarded against. 
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The empty tin cans in many of the plants are kept under 
undesirable conditions. They are exposed to diverse channels 
of contamination during transportation to the factory and dur- 
ing storage in the factory. If these contaminated cans are sub- 
sequently filled with the condensad milk, contamination is un- 
avoidable and buttons are likelv to follow. 

The tin cans should therefore be protected against avoidable 
contamination, or better yet, they should be sterilized before 
filling. 

A practical sterilizer of empty cans may be readily devised 
by permitting the cans to pass bottom-side-up over a series of 
gas flames, under a hood. This method is used successfully 
in some of the European condenseries and has for them solved, 
in a large measure, the prevention of buttons. The caps and 
filling machines obviously should receive such treatment as to 
prevent them from becoming sources of contamination. Barréis 
should be steamed till piping hot and then paraffined, before 
filling. 

In faetones with wooden floors where the filling and sealing 
is done, the danger of mold contamination is much greater than 
in the case of concrete floors. 

. According to Thom and Ayres^ the spores of the mold Asper- 
gillus repens, as well as of most other common molds, are killed 
in 30 minutes at 140 degrees P. The preheating of the milk in 
the hot wells, which is done at 180 degrees to 200 degrees P., 
and again evaporation in the vacuum pan at 135 to 150 degrees 
P. are, therefore, sufficient to destroy any mold present ¡n the 
original milk, so that the cause must be confined very largely 
to contamination after the finished product leaves the vac- 
uum pan. 

Lew Tcmpcraturc. — The growth of most molds is retarded, 
if not entirely inhibited at low temperatures. This also- is the 
case with the button-forming mold Aspergillus repens. Rogers 
et al., State that this mold grows very poorly at temperatures 
of 68 degrees P. or below. They report that they have never 


^ Thom and Ayres, Effect of Pasteurization on Mold Spores, Jour. Agr. 
Rea, Yol. VI. 168-166. 1916. 


SWKTENED CONDENSED M1I.K DEFECTS 241 

observed biittons on condensed milk held at 68 degrees F. or 
below. These temperature limits are not corroborated by exper- 
iments by Hunziker, ñor by the experience of the manufacturer. 
Iii commercial manufacture, the storage of sweetened condensed 
miik at 68 degrees F, will show copious bntton formation, if such 
milk contains button-forming spores. Reasonably sure preven- 
tion of buttons may be secured by holding the sweetened con- 
densed milk at aboiit 50 degrees F. or below. 

Exclusión of Oxygen. — Molds need air for their life and 
growth. They cannot develop in the absence of oxygen. Accord- 
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ingly Rogers et al-, by careíul experimenting, found that by seal- 
ing the cans under a vacuum of 20 inches or more, button-for- 
mation in condensed milk contaminated with button-forming 
molds could be entirely prevented. 

It is probable that a similar effect, if practicable, could be 
accomplished also by charging the cans with an inert gas to the 
exclusión of atmospheric oxygen, 
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Blown, or Fermentcd Sweetened Condensed Milk. 

General Description. — One of the most disastrous troubles 
in the manufacture of sweetened condensed milk is the appear- 
ance of "swell heads/' This term is applied to cans of con- 
densed milk, the contents of which have undergone gaseous fer- 
mentation, the resulting pressure causing the ends of the cans 
to bulge or swell, and frequently to burst open the seams. In 
the case of barrel goods, the pressure may cause the barrel head 
to blow out. This gaseous fermentation is usually, though not 
always, accompanied by the development of acid and the fí)r- 
mation of lumps. 

This fermented milk is worthless for any purpose and means 
a total loss to the manufacturer. The loss is generally aug- 
mented by the fact that this trouble does not become noticeable 
at once; its development requires several weeks, so that large 
quantities of condensed milk may have been manufactured before 
it is apparent that the milk is defective. Some of the goods may 
have reached the market before the cans begin to swell, in which 
case the reputation. of the respective brand is jeopardized. In 
some instances entire batches show this defect, while in others 
only a few cans or cases of each batch are blown. 

Causes and Prevention. — This defect may be brought about 
through various channels. In most cases it is due to contamina- 
tion of the milk, on the farm or in the factory, with specific 
micro-organisms which are capable of fermenting one or more 
of its ingredients, in spite of the preservative action of the 
sucrose; or the condensed milk may contain highly fermentable 
substances such as glucose or invert sugar, so that the germs 
normally present in the condensed milk become active and pro- 
duce gas ; or the milk may not be condensed to a sufficient degree 
of concentration, or may not contain adequate quantities of 
sucrose, to render it immune to the bacteria normally present. 
The cans may also bulge without bacterial action, as the result 
of exposure to a wide range of temperatures, causing mechanical 
contraction and expansión of the contents. 

Contamination with Specific, Gas-Producing Bacteria and 
Yeast. — ^This isby far the most common cause of blown milk. 
While the micro-organisms which, under normally sanitary pro- 
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ductíon of milk and factory conditions, gain access to the con- 
densed milk, are largely inhibited and do not ferment the sweet- ¿/ - ) / 
ened condensed milk, there are certain specific forms of bacteria . r 
and yeast whose growth is not retarded by the concentrated w* "^ 
sugar solution of this product. Contamination of the condensed /i ^ v ^^ 
milk with these specific organisms is usually the result of highly ^/^<^>,' ^ 
unsanitary conditions in the handling of the condensed milk. /i ^^ ^-\ ^ 

The products of fermentation depend on the particular type 
and species of micro-organisms involved. In most cases the 
sucrose is the chief constituent attacked, but the lactose, also, 
is capable of gaseous fermentation, though instances of lactose 
fermentation in sweetened condensed milk are not common. 

The gaseous fermentation of lactose is largely caused by 
bacteria, yeast and molds which contain the lactose-splitting 
enzyme *'lactase,'' which has the power of hydrolizing the lac- 
tose. While the species of organisms which cause lactic acid 
fermentation from lactose are very numerous, those containing 
the enzyme lactase and thereby causing gaseous fermentation 
from lactose, are less frequent, at least, as far as their access to 
milk and condensed milk is concerned. It is generally under- 
stood, though not experimentally proven, that species of micro- 
organisms which do not contain the enzyme lactase have no 
gas-próducing action on lactose. 

The great majority of cases of gaseous fermentation of 
sweetened condensed milk are the result of the action of micro- 
organisms on the sucrose, especially those which contain the 
enzyme "invertase.'' The majority of yeasts secrete invertase 
and ferment sucrose, producing alcohol and carbón dioxide to 
the same extent as in the case of glucose fermentations. The 
process is considerably slower, however, especially at the start, 
owing to the fact that inversión of the sucrose must precede 
fermentation. For this reason gaseous fermentations of sweet- 
ened condensed milk do not become noticeable uñtil the product 
is one or several weeks oíd. 

Contamination with Yeast on the Farm. — In most cases of 
yeast fermentations of sweetened condensed milk, the source of 
contamination lies in the factory. While such contamination 
may and often does occur on the farm, the yeast cells, though 
they may be spore-bearing, are destroyed by the heat to which 
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the fresh milk is subjeeted in the forewarmers and beíore it 
reaches the vacuum pan. The thermal death point of all fornis 
of yeast wíiich have come to the attention of the writer in con- 
nection with a vast number of in vestí gations of fermentetl con- 
densed milk was below 180 degrees F. If all the milk is properly 
heated in the forewarmers ío 190 degrees F. or over, there is, 
therefore, little danger of fermented milk, caused by contamina- 
tion of the fresh milk on the farm with yeast. If, however, the 
heating is incomplete, or if some of the milk passes Ínto the 
vacmim pan without having been properly heated, there is dan- 
ger of milk, contaminatcd with these yeasts, to result in fer- 
mented condensed milk, 

Contamination with Yeast ín the Factory, — As previously 
stated, yeast fermentation of condensed milk can almost in- 
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variably be traced back to contamination in the factory. Aíter 
the milk leaves the forewarmers, or hot welIs, it is never again 
heated to temperatures high enough to destroy these destructíve 
yeast cells. The channels through which yeast contamination 
may occiir in the factory are many. 
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Contaminated Sugar. — The sucrose itself may be contam- 
inated with yeast. This is frequently the case and especially so 
if the sugar is exposed to dampness, and if flies, bees, ants or 
cockroaches have access to it. 

Again, the sugar may reach the milk through a sugar chute. 
The lower end of the chute is usually located directly over the 
steaming milk in the hot well. The vapors arising from below 
may be condensed in the chute, causing its inside walls to be- 
come damp, and sugar will adhere to the damp surface, forming 
a crust. If the crust is not removed daily, its contamination With 
yeast and other dangerous micro-organisms is almost inevitable 
and whenever this crust peéis off and drops into the milk, the 
contamination may be carriéd into the finished product, giving 
rise to gaseous fermentation. 

Contaminated Machinery and Milk Conveyors. — Remnants 
of milk may lodge in the condenser, in the vacuum pan, in the 
pipes conveying the milk and, condensed milk, in the cooling 
cans or coils, in the supply tank of the filling machine, or the 
filling machine itself. These remnants are all subject to con- 
tamination and may become the source of fermented condensed 
milk. The strictest attention to scrupulous cleanliness and con- 
tinuous inspection of all parts of conveyors and apparatus which 
come in contact with the milk are the only consistent safeguards 
against trouble from this source. 

Contamination Through "Cut-opens.** — It is customary to 
empty the contents of sample cans which are cut open for any 
purpose, back into the condensed milk of succeeding batches. If 
these samples happen to be contaminated wjth the fermenting 
germs, the defect is naturally propagated from batch to batch 
and it is exceedingly difficult to lócate the source of the trouble. 
It is obvious that all suspicious **cut-opens*' should be rejected 
and that all "cut-opens'* that are utilized should be emptied into 
the hot well where their contents are boiled up again. 

Dangerous Effect of Poor Quality of Sugar. — Sweetened 
condensed milk is not sterile. There is no part of the process 
that would render it sterile and, from the time it leaves the 
vacuum pan to the time when the tin cans are hermetically 
sealed, it is exposed to contamination with microbes, even 
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though the factory observes the most rigid attention to scrupu- 
lons sanitation and cleanliness. Most of these microbes are 
harmless and their growth is inhibited by the preservative action 
of the cañe sugar. If, however, a poor quality of sucrose is used, 
which may contain traces of invert sugar, or acid, etc., many of 
these common species of micro-organisms, harmless ín normal 
condensed milk, find an opportunity to develop and cause gase- 
ous fermentation. The presence of invert sugar makes unneces- 
sary the action of invertase in order to start fermentation ; thus, 
microbes which do not secrete invertase and are otherwise harm- 
less, may become detrimental in the presence of invert sugar, 
added to the milk in the form of a poor quality of cañe sugar. 
In a similar wlay the use in condensed milk of commercial glu- 
cose, as a substitute of ¿ part of the cañe sugar, and in order to 
reduce the cost of manufacture, is bound to cause disastrous 
results. Nothing but the best refined, granulated sucrose should 
be used, the best is the cheapestT 

Dangerous Effect of High Acid in Milk. — Acids have the 
power of inverting sucrose. The inversión by acid is especially 
active in the presence of heat. The milk in the vacuum pan is 
condensing at 130 to 150 degrees F. These temperatures are 
most favorable to inversión of a portion of the sucrose in the 
presence of acid. The higher the acid content of the milk, the 
more active is the inversión. Since invert sugar is the very 
ingredient necessary to cause bacterial action in the finished 
product, it is essential that the acidity of the milk to be con- 
densed, should be held down to the minimum in order to avoid 

trouble from this source. 

• 

Contaminatíon with Butyric Acid Bacteria. — Frequently the 
troublesome microbe is not a yeast, but belongs to a species of 
bacteria highly resistant to heat, and w^hich fail to be destroyed 
by heating the milk to the boiling point. In this case, the con- 
tamination usually originates on the farm. Organisms of this 
kind, which infest the milk on the farm in this connection, 
largely belong to the butyric acid group. The most prominent 
among them are Granulobacillus saccharo-butyricus mobilis or 
Bacillus saccharobutyricus, Bacillus esterificans, Bacillus dimor- 
phobutyricus. The putrefactive forms of butyric acid organisms, 
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such as Bacillus putrificus, Plectridium fo^tidum, Plectridium 
novnm, etc., do not seem to thrive in sweetened condensed milk. 
The contamination may occur from dust of hay and other 
fodder, grain, bedding, or the unclean coat of the udder and sur- 
rounding portions of the animal, or from miljcing with wet and 
unclean hands, or from remnants of milk in unclean utensils. 

It is noticeable that the great majority of cases of blown 
milk appear during late summier and early fall, when the crops 
are harvested and the air in the barn is frequently loaded with 
dust from the incoming crops. Gelatin plates exposed in the 
stable before and during the filling of silos showed an enormous 
increase of colonies on the plates exposed during the filling of the 
silos. V Milk drawn under such conditions is naturally subjected 
to excessive contamination, unless special precautions are ob- 
served. 

A very common source of these butyric acid organisms also 
is remnants of milk in pails, strainers, coolers, cans and any 
other utensils with which the milk may come in contact, also 
polluted water used for rinsing the utensils. The cheese-cloth 
strainer, owing to the fact that it is difficult to thoroughly clean 
and that it is very seldom really clean, is a very serious menace in 
this respect. Under average farm conditions, unless a new cloth 
strainer is used at each miilking, it is safe to condemn it entirely 
and to recommend the use of a fine wire mesh strainer containing 
about eighty meshes to the'inch. On some farms the milk is 
held in a set of oíd cans which are kept on the farm and which 
never reach the can washer at the factory. Just before hauling 
time these cans are emptied into the clean cans from the factory. 
These oíd cans are often not washed properly and sometimes not 
at all. The remnants of milk in these cans breed these undesir- 
able germs and contaminate the fresh milk. It is obvious that 
such a practice is bound to jeopardize the quality and life of the 
finished product and may constitute a continuous cause of blown 
milk. 

Effect of Amount of Sucrose. — Since the sucrose contained 
in sweetened condensed milk is the chief agent preserving it, 
it is obvious that enough of it must be added to insure adequate 
preservative action. Experience has shown that about 39 to 40 
per cent of sucrose is required to preserve the condensed milk 
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under average conditions. A higher per cent of sucrose would 
naturally intensify the preservative action and inhibit the growth 
of the bacteria normally present more completely ; but if enough 
sugar were added to also inhibit the growth of and make harm- 
less those violent gas-producing butyric acid bacteria and yeast 
cells, which thrive in sweetened condensed milk containing 40 
per cent sucrose, the prodiict would be objectionable from the 
consumeras point of view. The logical avoidance of "swell 
heads" as the result of these undesirable germs, therefore, must 
ever lie in prevention, rather than cure. The sanitary standard 
of production on the farm and of the process in the factory must 
be raised to and maintained on a level where the milk is pro- 
tected from contamination with these micro-organisms. 

The writer^ has isolated yeast from fermented sweetened 
condensed milk that produced vigorous gas formation in media 
containing as high as 85 per cent sucrose (600 grams sucrose in 
100 ce. whey bouillon). 

Effcct of Too Thin Condensed Milk. — Condensed milk that 
is too thin is, also, prone to start fermenting, since it is deficient 
in the chief preserving agents, i. e., density and per cent of 
sucrose. It is not safe to put goods on the market, with a ratio 
of concentration much less than 2.5 :I, unless the amount of cañe 
added is sufficient to raise the cañe sugar content of the fin- 
ished product to 44 per cent or above. 

Effect of Excessively Low Temperatures. — The cans of 
sweetened condensed milk may also bulge in the case of cans 
with non-hermetical seáis, exposed successively to excessive cold 
and to room temperature. In this case, the condensed milk is 
entirely normal and unaffected, and the bulging is the result 
of mechanical contraction and expansión by cold and heat. This 
is possible only where the seal of the cans is not entirely her- 
metical. In the case of the Gebee seal with the burr cap, and 
the McDonald seal with the friction cap, the seal is not absolutely 
air-tight. While the pores betw^en cap and can are microscopic 
in size, and not large enough to permit the contents from leak- 
ing out, they are suffipient to admit air. The cans are usually 
filled with the condensed milk at a temperature of about 70 de- 

^ HÜnzlker, Resulta not pubUshed. 
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grees F. If the filled and sealed cans are exposed to a very 
low temperaturc, as may be the case in winter, in store houses or 
in transit, the milk and the air in the cans contract. This con- 
traction is intensified by the fact that the sweetened condensed 
milk does not freeze. Its concentration is so great that its freez- 
ing point is usually below the most extreme cold storage tem- 
perature. This contraction of milk and air in the cans produces 
a partial vacuum, causing air to be drawn into the cans through 
the microscopic openings of the seal. When the cans are sub- 
sequently moved into places with a more modérate temperature, 
the milk and the air in the cans expand, but the milk on the in- 
side of the cans forms a seal preventing the escape of the sur- 
plus air. The'result is that the ends of the cans bulge. Thi§ 
phenomenon has been experimentally determined by the author.^ 
While the contents of such cans are perfectly normal, the pack- 
age suggests fermented milk and may be rejected on the market. 

It is evident, from the above data, that the swelling of the 
cans, as the result of exposure to excessively low temperatures, 
can readily be avoided, either by protecting the cans against ex- 
cessive cold, or by using cans that are sealed with solder. The 
solder-seals are hermetical so that no air can be drawn into the 
cans when a partial vacuum is formed in their interior as the 
result of the contraction of air and milk. 

Rancid Sweetened Condensed Milk. 

General Description. — Sweetened condensed milk may de- 
velop a distinctly rancid flavor and odor, a defect w'hich renders 
it unmarketable. 

According to the best authority, there are many agents 
which may be active in the production of rancidity. The fact that 
in rancid butter are usually found to predominate certain species 
of organisms, such as the fungi of Penicilium Glaucum, Penici- 
lium Roqueforti, Cladosporium butyri, Oidium lactis, Actinomy- 
coces odorifora, yeast and various bacterial species, such as Bac- 
terium fluorescens, Bacterium prodigiosum, Bacillus mesenteri- 
cus, etc., and that these species are capable of making butter ran- 
cid, has led to the conclusión that they may be the cause of ran- 
cidity, either by direct action, or by the secretion of fat-splitting 

^ Hunziker, Resulta not pubUshed. 
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enzymes. It is, therefore, quite possible that some of these sp£- 
cies, or similar groups of species, may be instrumental in develop- 
ing rancidity in sweetened condensed milk. It has been further 
found that the milk products from certain individual cows, or 
cows under certain physiological conditions are more prone to 
develop a rancid flavor, than milk products from other cows or 
cows under other conditions. 

Rekttíon of PoUuted Water to Rancidity. — Polluted and 
filthy water is usually contaminated with fungi and bacteria 
belonging to the species enumerated above and which have been 
found to be able to produce rancidity. It is, therefore, not im- 
probable, where such water is used in thé factory in the washing 
of cans, conveyors, kettles, pipes, etc., in the condenser of the 
vacuum pan and in the cooling tanks, as is frequently the case, 
that the contamination of milk with it may result in the develop- 
ment of rancidity. 

Relation of Climate to Rancidity. — It is frequently claimed 
that condensed whole milk shipped to the tropics turns rancid, 
owing to exposure of this milk, rich in fat to a warm climate. 
Advantage is sometimes taken of this argument, to justify viola- 
tions of the law by skiitiming all, or a part of the milk before 
condensing. This matter has been thoroughly investigated. All 
experimental results show that sweetened condensed milk, made 
properly and in conformance with the law, and containing all 
the butter fat of the original whole milk, does not turn rancid 
at any temperature. 

Futrid Sweetened Condensed Milk. 

General Description. — Sweetened condensed milk is best 
when fresh. With age it gradually develops a stale flavor which 
frequently develops into a putrid odor and flavor. 

Causes and Prevcntion. — The purer the fresh milk and the 
cañe sugar, and the more careful the processor, the longer will 
the condensed milk retain its pleasant flavor, provided that it is 
stored at a reasonably low temperature. Age, however, will 
cause the best sweetened condensed milk to become stale. The 
appearance of the stale flavor is usually hastened when heating 
the fresh milk with direct steam; also, where the fresh milk is 
not heated to a sufliciently high temperature (below 176 de- 
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grees F.) the condensed milk will break down rapidly with age, 
usually developing a putrid flavor and odor. This defect rarely 
appears where the fresh milk is heated to 180 degrees F. or 
above. This phenomenon is probably due to the presence ín 
milk of active enzymes, such as galactase, gradually decompos- 
ing the proteids. The action of most of these enzymes is 
destroyed when the milk is heated to 176 degrees F. or above. 

Metallic Sweetened Condensed Milk. 

General Descriptíon. — Sweetened condensed milk frequently 
is pregnant with a very distinct metallic flavor suggesting copper. 

Causes and Prevention. — This can usually be traced back to 
an unsanitary condition of the dome of the vacuum pan. The 
sugar and acid in the boiling milk in the pan tend to cause the 
formation of copper oxide and copper salts, on those scctions of 
the interior surface of the pan which are not daily completely 
cleansed. 

The dome of the pan is neglected in many condenseries from 
the standpoint of thorough cleaning. If it is permitted to go 
uncleansed for a considerable period of time, it becomes coated 
w4th copper salts and when the pan is again in operation, the 
boiling milk and its spray wash these metallic salts down, incor- 
porating them in the condensed milk. 

That the copper in the dome is being acted on can be very 
readily determined by wiping the inside surface of the dome off 
with a wet sponge, then analyzing the expressed liquid that 
the sponge has absorbed. This liquid will be found to contain 
varying amounts of copper, according to the state of cleanness 
of the dome. 

In order to avoid metallic flavor in sweetened condensed 
milk, the dome should be washed down daily with similar care 
as is given the cleansing of the jacket, body and coils, and each 
morning, before the milk is allowed to enter the pan, the entire 
pan, including dome and gooseneck, should be thoroughly rinsed 
down with plenty of clean water. 

Brown Sweetened Condensed Milk. 

General Description. — Some of the sweetened condensed 
milk on the market has a brown color, suggesting chocolate pud- 
ding. In this condition it is usually rejected by the consumer. 
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Causes and Preventíon. — AU sweetened condensed milk not 
held at a low temperature grows darker in color with age. If 
manufactured properly and not exposed to unfavorable condi- 
tions, this brown color appears very gradually and not until the 
condensed milk is many months oíd. If exposed to high tem- 
perature in storage or transportation, when stowed against the 
boiler room in the hold of the steamer, or lying on the shelves 
of the warm grocery store or drug store, etc., it turns brown 
rapidly. Condensed milk in cold storage retains its natural color 
indefinitely. Where milk is recondensed (the condensed milk 
is redissolved either in water or in fresh milk and condensed a 
second time), the product is always darker in color. This brown 
color is due to the oxidizing action of heat on both, the lactose 
and the sucrose, a portion of the sugar caramelizing. Experience 
has shown that the sugar is more sensitive to the oxidizing 
action of the heat of recondensing, than when condensed the 
first time. 

Chapter XXIII. . . 

DEFECTIVE EVAPORATED MILK AND PLAIN 

CONDENSED BULK MILK. 

The following are the chief defects of unsw.eetened condensed 
milk : curdy, grainy, separated and churned, blown or fermented, 
brown, gritty, metallic. 

Curdy, Plain Condensed Milk and Evaporated Milk. 

General Description. — Curdy, unsweetened condensed milk 
is a term used for milk in which a part of the casein is precip- 
itated in the form of lumps of various sizes. The appearance 
of lumps of curd in this product is a defect that may render the 
goods unsalable. 

Causes and Preventíon. — <Lumps are usually due to a poor 
quality of fresh milk, the use of excessive heat in the sterilizing 
process and too high a degree of concentration. 

Lumps in Plain Condensed Bulk Milk. — Lumps are prone 
to appear in plain condensed bulk milk, as this class of goods is 
usually made from fresh milk that may be slightly sour, as is the 
case in creameries and in milk plants where the surplus and the 
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returned milk is often manufactured into plain condensad bulk 
milk. This defect can be avoided by neutralizing the milk before 
heating, with an alkali (sodium bicarbonate or lime water), heat- 
ing less intensely, or by not carrying the condensing process quite 
so far. If the plain condensed bulk milk comes from the pan in 
lumpy condition, it can usually be reduced to a smooth body by 
passing it through an ice cream freezer at ordinary temperatures. 

Lumps of Curd in Evaporated Milk. — The danger of lump- 
iness, or curdiness in evaporated milk is greatly augmented by 
the fact that, in addition to the causes named under plain con- 
densed bulk milk, the sterilizing process must be dealt with. 
The high sterilizing temperature used, tends to precipitate the 
proteids of milk, and the temperature cannot be reduced below 
certain limits without impairing the keeping quality of the pro- 
duct. Most of the evaporated milk, after sterilization, is sub- 
jected to the shaking process in which the coagulum in the cans 
is reduced to a homogeneous creamy fluid, provided that the curd 
is not too hard. A curd will form in the sterilizer in the majority 
of cases. If it is soft enough, so that it can be completely broken 
up, no harm is done. If it is so firm that mechanical shaking 
fails to cause it to disáppear, then the evaporated milk will reach 
the market in lumpy condition and is difficult to sell. 

EfFect of Quality of Fresh Milk. — The quality of fresh milk 
is all important in preventing lumpy evaporated milk. The milk 
must come from healthy cows in good, normal physical condition. 
It must not contain colostrum milk ñor be stripper milk and it 
must receive the best of care on the farm and reach the factory 
perfectly sweet. Milk that is not of high quality in every respect 
should not be received at the factory. 

The acidity of milk due to acid fermentation, lowiers the 
curdling point of the milk, partly by changing the reaction and 
partly by lowering the citric acid content. High acidity there- 
fore is one of the causes of curd formation in evaporated milk. 
If abnormal curdling is to be prevented, one of the first and fun- 
damental essentials is that the milk reach the condensery in as 
fresh and sv/eet a condition as possible. 

EfFect of Relatíon of Mineral Constítuents of Milk. — More 
recent studies of the heat coagulation of milk, however, by Som- 
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mer and Hart/ and by Rogers^ show that the titratable acidity 
of fresh milk is not the only, and often not the really important 
factor, controlling the coagulation of milk, but that the stability 
of the casein, or its resistance to the coagulating effect of ex- 
posure to heat, depends on the relation of certain ash constit- 
uents. 

Sommer and Hart conclude that máximum stability of the 
casein demands a proper balance of calcium and magnesium with 
the phosphates and citrates, while the sodium and potassium 
chlorides in the concentrations present do not have any marked 
influence on the coagulating point. Thus these-investigators state, 
the coagulation of milk on heating may be due either to an excess 
or a deficiency of calcium and magnesium. The calcium in the 
milk distributes itself between the casein, citrates, and phos- 
phates chiefly. "If the milk is high in citrate and phosphate 
contents, more calcium is necessary in order that the casein 
may retain its optimum calcium content after competing with 
the citrates and phosphates. If the milk is high in calcium, 
there may not be sufficient citrate and phosphate to compete 
with the casein to lower its calcium content to the optimum. 
In such a case the addition of citrates or phosphates makes the 
casein more stable by reducing its calcium content. The magne- 
sium functions by replacing the calcium in the citrates and 
phosphates. 

"In most cases the coagulation is due to an excess of calcium 
and magnesium. It is possible tb balance this excess by citrates, 
phosphates, carbonates and other salts." See also Chapter XI 
on "Sterilizing/' Mojonnier Viscosity Controller. 

9 

The factors of relation of ash conslituents are influenced 
and largely controlled by such conditions as breed, period of 
lactation, health and feed of the cows. And this fact in turn 
may be accepted to explain, why there is a vast difference in 
the ability of milk produced in diíferent localities, to withstand 
diíYerent degrees of concentration and sterilization without 
developing a permanent and objectionable curd. It is a well 


^ H. H. Sommer and E. B. Hart, The Heat Coagulation of Milk, Jour. 
Biol. Chemistry, Vol. XL, No. 1, 1919. 

' Li. A. Hogers, Address, Milk Section National Canners' Assoclation. 
Cleveland, O., 1920. 
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known fact, established by practical experience in processing, 
and by analyses of different brands of evaporated milk, thát in 
some European coiintries, milk can be condensad to a much 
higher degree of concentration than in most sections of this 
country, without becoming permanently curdy. 

EfFect of Forewarming or Preheating on Curdling. — As ex- 

plained in Chapter XI on ''Sterilizing/' under ''Factors that 
Decrease Viscosity of Evaporated Milk," the readiness with 
which milk coagúlales in the sterilizer is diminished by lengthen- 
ing the period of preheating in the forewarmer, or by raising the 
temperature of preheating, or both. And vice versa, the shorter 
the period of preheating and the lower the temperature (below 
210 degrees F.) to v^hich the milk is foreWarmed, other conditions 
being the same, the greater the danger of curdling in the steril- 
izer. 

It is not improbable that here again the modification of the 
balance of the calcium and magnesium with the phosphates and 
citrates, may be the fundamental cause of these phenomena. 
In this case the longer exposure to the forewarming heat, or the 
higher temperature of forewarming, or both, may have the effect 
of lowering the soluble calcium content by precipitating part of 
it as insoluble calcium phosphate. If coagulation is due to an 
excess of calcium or magnesium, as it usually is, then this lower- 
ing of the calcium content, as the result of preheating, will mini- 
mize the danger of coagulation in the sterilizer. 

EfFect of Addition of Water on Curdling. — Addition of ex- 
traneous water to the evaporated milk lessens the intensity of 
coagulation in the sterilizer. This is a matter pretty generally 
understood by the experienced operator, as pointed out in Chapter 
XI on '*Sterilizing" under ''Factors which- Decrease Viscosity 
and Tendency to Curdle." It is due to the dilution of both the 
casein and the serum in milk. 

EfFect of Concentration. — The more concentrated the evap- 
orated milk, the greater the danger of lumpiness. AU the con- 
ditions causing lumpiness are intensified by the degree of con- 
centration.^ The manufacturer must, therefore, study the be- 

^ For detailed discussion of relatlon of auality of fresh milk to curdineBB 
of evaporated milk see Chapter VIII on "M'anufacture of Evaporated Milk," 
"Quallty of Fresh Milk." 
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havior of his product at different degrees of concentration, and 
then decide how much evaporation it will stanjd without develop- 
ing subsequently a permanent curd in the sterilizer.^ 

It is obvious that any excess or deficiency of calcium, or 
any excess of acid present in the original milk, is magnified in 
direct proportion as the concentration increases. Therefore, the 
higher the concentration, the more difficiilt it is to put the evap- 
orated milk through the sterilizing process without the formation 
of a permanent curd. 

EfFect of Sterilization. — The coagulum is formed in the 
sterilizer. The higher the temperature, other conditions being 
the same, the firmer the curd. The lowest temperature that will 
efficiently sterilize the evaporated milk should, therefore, be 
used. Since the sterilizing temperature to be maintained cannot 
be modified below certain limits, it is necessary, when the milk 
is very sensitive to the heat, to lower the degree of concentration. 
In some factories fractional sterilization is resorted to with 
batches of milk that are suspicious. By so doing, lower tem- 
peratures can be used effectively, but this process calis for much 
more labor, increases the cost of manufacture and decreases the 
capacity of the factory. 

EfFect of Fractional Curdiing. — Experience has shown that, 
if the proteids in evaporated milk are partly precipitated by heat 
before the milk reaches the sterilizer, the curd or lumps formed 
in the sterilizer are less firm and can be shaken out more readily. 
It is, therefore, advisable to heat the milk in the forew.armers to 
as near the boiling point as possible and to hold it at that tem- 
perature for at least five minutes before it is drawn into the pan. 
The superheating of the evaporated milk before it leaves the pan 
is an additional safeguard against the formation of excessive curd 
in the sterilizer. 

Effect of Homogenizing Evaporated Milk.— Excessive pres- 
sure in the homogenizer tends to so change the physical prop- 
erties of the casein as to render it more sensitive to the steriliz- 
ing process. Evaporated milk, homogenized under excessive 
pressure almost invariably forms a firm, unshakable curd in the 

^ For detailed discussion see Chapter VIII, on "Striking," and Chapter XI, 
on "Sterillzlngr." 
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sterilizer. The homogenizing pressure should be kept down to 
one thousand to fifteen hiindred pounds.^ 

EfFect of Addition of Bicarbonate of Soda. — As shown in 
Chapter XI on ''Sterilizing" the addition to the evaporated ínilk 
of bicarbonate of soda diminishes the viscosity and tendency to 
curdle in most cases. 

This is due to the fact, that in most cases, the coagulation 
is diie to an excess of calcium and magnesium, which lowers the 
stability of the casein. The addition of carbonates in the form 
of bicarbonate of soda reduces the excess of calcium and mag- 
nesium, assists in balancing these mineral constituents, and 
thereby makes the casein more stable. 

Occasionally it happens, however, that the addition of sodi- 
um bicarbonate increases, instead of decreases, the viscosity and 
coagulability of the evaporated milk, and in such cases, the diffi- 
culty increases in direct proportion with the amount of bicarbon- 
ate added. In this case the viscosity and coagulability of the 
evaporated milk are undoubtedly due, not to an excess of calcium 
as is usually the case, but to a deficiency of calcium. Under such 
conditions a soluble calcium or magnesium salt should be added 
in the place of bicarbonate, in order to diminish the viscosity 
and to render the casein more stable. 

Acid Flux in the Cans Causes Lumps. — Similar as in the case 
of the sweetened condensed milk, the presence of acid flux in the 
cans of evaporated milk causes lumpiness. The acid that reaches 
the interior of the cans causes the milk coming in contact with 
the seams to curdle. Only acid-free flux should be used in the 
manufacture and sealing of the cans. 

Grainy Evaporated Milk. 

General Description. — Tliis term is sometimes applied to 
lumpy milk, in which case it means the same. By grainy milk, 
however, is generally nnderstood milk which contains a sediment 
of a white granular appearance, which is insoluble. 

Causes and Prevcntion. — This granular sediment is largely 
found in the hermetically sealed cans after the sterilizing process. 
It is due to excessively high sterilizing temperatures or too long 

^ For detailed discussion of the effect of homogenizing on curdiness see 
Chapter IX on "Homogenizing" and Chapter XXIII on "Separated and Churned 
Evaporated Milk." 
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exposure of the milk to the process. It consists largely of the 
mineral matter of milk, rcndered insoluble and precipitated by 
heat. The use of lower sterilizing temperatures or the shorten- 
ing of the period of sterilization will help to avoid this defect. 

Evaporated milk in the condensation of which the "Continu- 
ous Concentra tor" was used, has a tendency to show slight grainy 
condition, though this is barely perceptible. 

Separated and Chumed Evaporated Milk. 

General Description. — This is a very common defect. A 
portion of the butter fat of the contents of the hermetically 
sealed cans, has separated and appears in the form of lumps of 
cream or of churned butter, on top of the evaporated milk. While 
this separated evaporated milk is normal in quality and whole- 
someness, its appearance condemns it. 

Causes and Prevcntion. — As explained in Chapter IX on 
"Homogenizing," the fundamental cause of separated and 
churned evaporated milk lies in the difference of the specific 
gravity between the butter fat and the rest of the milk constitu- 
ents. The fat globules, being lighter than the serum, tend to 
rise to the §urface, forming a layer of thick cream. When this 
separated evaporated milk is sübjected to agitation, as is the 
case in transportation, this cream churns into lumps of butter. 
This tendency of the fat to sepárate in storage and churn in 
transportation, increases with the increase of the size of the fat 
globules, because the larger the globules, the larger is their cubic 
content in proportion to their surface. This fact is based on the 
well known physical law, that the surfaces of two spheres are 
to each other as the squares of their diameters, and the cubic 
contents of two spheres are to each other as the cubes of their 
diameters. The cubic contents determine the gravity forcé, or 
buoyancy, while the surfaces control the resistance forcé. There- 
fore, the larger the fat globules the greater is their buoyancy 
and the weaker is the relative resistance which they must over- 
eóme in their upward passage. 

EfFcct of Locality and Scason. — Since the predominating 
size of fat globules in milk, varies with breed and period of 
lactation of the cows, the ease with which evaporated milk 
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separates and the difficulty of overcoming this defect, differ 
greatly with locality and season of year. The fat globules in 
milk from the Channel Island breeds, average two to three times 
as large as those in milk from the Holsteins and Ayrshires. 
Therefore, faetones, located in Holstein and Ayrshire territories 
are not jtroubled nearly as much with fat separation in evap- 
orated milk, as faetones in localities where Jerseys and Guernseys 
predominate. 

Again, the fat globules are largest at the beginning of the 
period of lactation and decrease in size as the period of lactation 
advances. 

In order to equalize the output of evaporated milk through- 
out the year, condensing concerns make every effort to induce 
their patrons to time the breeding of their cowts in such a way 
that the fresh cows are distributed throughout the year. The 
result of this practice is, that the milk supply of these faetones 
represents at all times a mixture of milk from cows at all stages 
of their period of lactation. This naturally equalizes the be- 
havior of the finished product as far as separation of the fat is 
concerned, facilitating the control of this separation. On the 
other hand, in localities of faetones, newly established, summer 
milk is largely produced and the majority of cows freshen in the 
spring. This causes a marked increase of the size of the average 
fat globules in early summer, rendering the manufacture of 
evaporated milk, that does not sepárate its fat, more difficult. 

EfFect of Degree of Conccntration. — Other conditions being 
the same, the more concentrated the product, the less the danger 
of fat separation in the finished product. The leason for this 
lies in the fact that with the conccntration the viscosity and the 
resistance forcé of the evaporated milk increase, hindering the 
fat globules in their upward passage, This is partly offset by 
the increase in the specific gravity of the product, but the in- 
crease of the resistance forcé exerts a stronger influence against 
separation of the fat, than the increase of the gravity forcé exerts 
in favor of fat separation. 

However, as the conccntration increases, the evaporated 
milk becomes more sensitive to the sterilizing process and 
beyond certain limits it would be necessary to reduce the tem- 
perature or the length of exposure to heat, or both, in order to 
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preven! the more highly concentrated milk from becoming per- 
manently curdy. If, in order to increase the viscosity, the degree 
of concentration is carried so far that the sterilizing process has 
to be shortened, nothing is gained but much may be lost. It 
is obvious, therefore, that the degree of concentration does not 
furnish a practical basis for controlling fat separation. 

EfFect of the Sterilizing Process. — Prolonged exposure of 
the evaporated milk to the sterilizing heat tends to so change the 
physical properties of the albuminoids, as to render the product 
more viscous. Within the limits of the necessary sterilizing heat, 
long exposure to modérate heat is more effective in this respect 
than short exposure to a high degree of heat. Since the greater 
viscosity tends to keep the fat globules from rising, the use of 
a prolonged sterilizing process, in which the heat is applied 
slowly, is more effective in preventing fat separation in the 
evaporated milk than a rapid, short process, in v^hich the tem- 
perature used is very high. 

Tt should be understood from the discussion in previous 
chapters that, in regulating the process of sterilization, the pro- 
cessor should be governed by the condition and behavior of the 
milk and that on the one hand the degree and duration of heat 
should always be sufficient to insure absolute sterility of the 
product, while on the other he mu?t guard against the formation 
of an unshakable curd.^ 

Effect of Superheating. — The superheating of the milk be- 
fore sterilization and the stopping of the reel of the sterilizer 
as explained under ''Sterilization," also tend to so increase 
the viscosity of the evaporated milk as to minimize its tendency 
to sepárate its fat. But here again good judgment is required, 
otherwise there is danger of spontaneous thickening of the prod- 
uct after manufacture. 

Turning the Cans in Storage. — Many manufacturers, in an 
effort to avoid fat separation, have adopted the practice of turn- 
ing their goods in storage at regular intervals. This operation 
naturally interferes with and retards the rising of the fat to the 
surface, as long as the goods remain in the factory. After tliey 
leave the factory this control must of necessity cease and if the 

^ For detailed discussion see Chapter XI on "Sterilizingr." 


Unswkkteniíd Condenskd Milk Dei^kcts 261 

evaporated milk, owing to the process of manufacture and the 
condition of the product, is destined to sepárate its fat, the turn- 
ing of the cases, while at the factory, cannot permanently prevent 
separation. Where the goods are consumed immediately after 
they leave the factory,' this practice may serve the purpose; but. 
since the large bulk of evaporated milk manufactured, is exposed 
to prolonged storage, its advantage is very limited. 

Effect of Homogenizing. — Under average conditions careful 
attention to the precautions above discussed will greatly mini- 
mize and often prevent fat separation. At best, however, much 
of the evaporated milk on the market shows signs of separation 
after sixty to ninetv davs and some of it even after two weeks, 
for the fundamental cause of separation, the difference in gravity 
between the fat globulcs and the rest of the milk constituents, 
is still present; then again, under less favorable conditions. even 
the above precautions may not prove adequate to keep the fat 
from separating. 

The introduction of any agent or process, therefore, capable 
of permanently removing this fundamental cause, must prove 
a lasting benefit to the manufacturer of evaporated milk. This 
agent has been found in the homogenizer. The homogenizer 
makes it possible to divide the fat globules so finely, that their 
buoyancy or gravity forcé is not great enough to overeóme the 
resistance of the surrounding liquid. They are unable to rise to 
the surface, but remain in homogeneous emulsión. 

It is quite probable that aside from the reduction of the si^e 
of the fat globules, the efficiency of the homogenizer to prevent 
fat separation is due also to the physical change of the casein as 
the result of homogenization. The casein becomes more viscous. 

The chief objection to the use of the homogenizer is its 
eííect on the casein of the milk, when subjected to excessive pres- 
sure. Beyond certain Hmits of pressure homogenization so 
aíFects the casein, that the latter is more prone to curdle in the 
sterilizer. However, experience has amply show^n that the máxi- 
mum pressure required to prevent fat separation in the finished 
product, is not great enough to seriously affect the behavior of 
the casein during sterilization. Henee, the proper regulation of 
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the pressure and the intelligent use of the homogenizer, furnish 
a satisf actory and reliable means to prevent f at separation.^ 

Fcrmentcd Evaporated Milk. 

General Description. — Fermented evaporated milk is evap- 
orated milk, which after sterilization, has undergone fermenta- 
tioil. The type of fermentations found in this product varies 
with locality, season of year and f actory conditions. The con- 
tents of the cans may have soured with curd formation, or a 
curd may have formed without acid development, or the fer- 
mentation may be gaseoiis, in which case the cans bulge, and 
these gaseous fermentations may be accompanied by acid forma- 
tion or by putrefactive products. In all cases of fermented milk 
the product is entirely worthless. These defects are usually, 
though not always, detected during the period of incubation. 

Fermented evaporated milk is the result, either of incomplete 
sterilization, or of leaky cans. The causes of fermented evap- 
orated milk differ with the specific type of fermentations pro- 
duced; they will be discussed separately and as relating to the 
respective types of fermentations. 

Acid Fermentation, Sour, Curdled, Evaporated Miík. 

General Description. — Upon opening the cans the contents 
are found to be sour and curdy. 

Causes and Prevention. — This condition is the result of the 
presence of acid-producing species of micro-organisms, usually 
of the lactic acid type, which sour the milk, and the acid produced 
curdles the casein. S-ince the majority of the lactic acid bacteria 
are not resistant to heat and are destroyed at relatively low heat, 
this defect is not usually caused by incomplete sterilization. The 
temperature of sterilization, though it might be insuííicient to 
kill spore forms, is high enough to make it impossible for lactic 
acid bacteria to pass the process alive. 

The only way in w^hich this defect can occur is through sub- 
sequent contamiination of the contents of the cans with these 
germs, and the only possible channel, through which this sub- 
sequent contamination may occur, is leaky cans, or leaky seáis. 

^ For details on the use of homogenizer see Chapter IX on *'Homogexiiz- 
ing." 
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A careful examination of the cans of sour, curdled evaporated 
milk usually shows faiilty cans or faulty seáis. 

Bitter Curd. 

General Description. — When the cans are opened the con- 
tents present a solid coagulum, generally noticeably white in 
color and very bitter to the taste, similar to the bitterness of 
dandelions. There is a separation of practically clear whey, the 
curd does not break down readily upon shaking and the acid 
reaction of the mixture of curd and whey is about .35 to .40 per 
cent, which is normal for evaporated milk. 

Causes and Prevention. — Microscopic examinations under 
high magnifica.tion of cultures in sterile milk show the presence 
of very small bacilli. The milk forms a firm coagulum in five to 
seven days and when over one week oíd the curd has the same 
strong, bitter taste as that in the cans. The bitterness increases 
with age. These bacilli grow best at 90 degrees F. They are 
facultative anaerobes, developing both, in aerobic and anaerobic 
media, but prefer anaerobic conditions. 

In the cases under observation no spores were detected and 
exposure for fifteen minutes to 212 degrees F. destroyed these 
germs. The above findings do not exelude the possibility of spore 
formation under conditions very unfavorable to growth and life. 

The presence of this species of bitter curd organisms sug- 
gests incomplete stérilization of the evaporated milk. The strik- 
ing whiteness of the curd in all cases that have come to the 
writer's attention, is further proof of the correctness of this de- 
duction. It indicates that these cans received relatively little 
heat in the sterilizer. otherwise the curd would have a darker 
color. This defect usually does not show up in all the cans of 
one and the same batch, but only in a limited portion of each 
batch. This fact suggests that the distribution of heat in the 
sterilizer is not uniform, some cans getting less heat than others. 

This defect occurs generally in summer, a fact which may be 
due to one or both of the following conditions : 

While it is well known that there is a group of species of 
bacteria, yeast and torula that are capable of producing a bitter 
curd, either direct, or through the secretion of casein-curdling 
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enzymes, and while these different specics of micro-organisms 
come from a variety of sources, the most common sources are, 
the soil, pasture, water and the ndder itself. It is a noteworthy 
fact that this defect is most commonly found in milk and milk 
products when the cows are on pasture. It is, therefore, probable 
that, in most cases, this troublesome germ is carried into the milk 
on the farm. 

Again, in summer, at a time when this defect generally 
occurs, the effect on the cows of the summer heat and flies, and 
the tendency toward high acid in milk, render the milk most 
sensitive to thesterilizing heat. The operator finds it difficult 
to avoid the formation of a disastrous curd in the sterilizer. In 
order to guard against this trouble he is tempted to either lower^ 
the temperature, or shorten the duration of the sterilizing process. 
This tends towards incompíete sterilization. . A very frequent 
result of this ' incompíete sterilization in the late summer 
months, is the formation of a bitter curd. When the processor 
returns to the proper sterilizing process, the occurrence of bitter 
curd in the cans disappears and the product is normal. 

A further safeguard against the recurrence of this trouble 
lies in providing for uniform distribution of heat in the sterilizer. 
If the cans have to be stacked in deep tiers, which is un- 
desirable and should be avoided, slats should be placed over 
the top of every second row of cans. This will make possible 
the free access of steam to- at least one end of each can. If the 
circulation of steam in the sterilizer is poor, the uniform distribu- 
tion of heat can be facilitated by filling the sterilizer about one- 
third full of water so that, with everv revolution of the frame- 
work, the cans have to pass through this water once. The water 
reaches every nook in the interior of the sterilizer, distributing 
the heat much more uniformly than the steam. Uneven distribu- 
tion of the heat may also be due to an improper condition of the 
steam-distributing pipe located in the bottom of the sterilizer. 
Some of the perforations in this pipe may have become too large 
by wear, or may have become clogged with scale or the cap 
at the end of the pipe may have come oflf. In all of these cases 
the distribution of the heat in the sterilizer is found to be irregular, 
interfering with the uniformity and dependability of the proce§s 
of sterilization. The processer should make sure, by daily in- 
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spection, that the steam-distributing pipe is in proper operating 
condition. If these precautions fail to remedy the trouble, then 
the entire process is inadequate and either more heat, or longer 
exposure to the same heat is necessary. 

Spitzer and Epple^ investigated a case of bitter evaporated 
milk, in which the troublesome organism appears to,have been 
of a diíferent type than was the case in the bitter evaporated 
milk epidemics under observation by Hunziker, as described 
above. Spitzer and Epple found the bitterness to be due to the 
presence in the evaporated milk, of an organism that corresponds 
with Migula's (1900) classification of Bacillus pañis as described 
by Lawrence and Laubach.^ 

This organism is a non-motile bacterium, rod-shape, with 
rounded ends and measuring about .4 by 2.0 microns. It is spore- 
bearing, the spores forming readily in 48 to 72 hours and ap- 
pearing usually near the center of the rod. The organism is 
capsulated and is very resistant to heat. Spitzer and Epple 
found it to siirvive a temperature of 250 degrees F. for 8 minutes, 
but was destroyed at the same temperature upon 10 minute 
exposure. The organism does not form gas, it does not sweli 
the cans, ñor does it coagúlate the casein. The contents of the 
cans appear perfectly normal to the eye, the only change noticeable 
is the intensely bitter taste. It is an active proteolytic germ 
capable of secreting enzymes which are proteolytically active, 
rapidly breaking down the proteids of milk into large quantities 
of peptones and lower nitrogenous compounds of complex nature. 
The authors suggest that the excessive peptonizing function of 
this organism may be the primary cause of the bitterness. 

The description of the cultural characteristics and thermal 
death-point of this organism suggests that the presence of this 
germ in the evaporated milk, and the spoilage of the product, 
are not due to a faulty process of sterilization, but are the result 
of conditions in the factory that permit this germ to lodge and 
to contaminate the milk. Unsanitary condition of pipes, pumps, 
homogenizer, filling machine, etc., would be the most likely 
breeding places and sources of contamination. 


1 Spitzer and Epple, Bitterness in Evaporated Milk, Journal of Dairy 
Science, Vol. IIL, 1920. 

* Lawrence and Laubach, Studies on Aerobic, Spore-bearing, Non-path- 
ogenic Bacteria, Journal of Bacteriologry, Vol. I., p. 493. 
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Blown Evaporated Milk (Gaseous Fermentátion). 

General Description. — The ends of the cans bulge out very 
noticeably, frequently so mitch so that the seams of the cans 
burst open. This is diie to gaseous fermentátion causing high 
pressure in the cans. The pressnre is often so great that upon 
opening the cans, most of the contents are blown out with tre- 
mendous forcé. In some cases of blown evaporated milk, the 
contents have an acid odor, pleasant and aromatic. In most 
instances, however, they gi\ e off very foul odors and suggesting 
hydrogen sulfide, not unlike aggravated cases of Limburger 
cheese. These odors are exceedingly penetrating and difficult to 
remove frcm anything they come in contact with. 

Causes and Prcvention. — The bacteria causing gaseous fer- 
mentations in evaporated milk usually belong to the anaerobic 
group of butyric acid species and in most cases, though not al- 
ways, the putrefactive types prevail, such as Bacillus putrificus, 
Plectridium novum and Plectridium foetidum, especially the lat- 
ter, because of its extraordinary po\ver of resistance to heat. 
Plectridium foetidum is an obligatory anaerobe and it absolutely 
refuses to grow under aerobic conditions. Ifis an actively motile, 
medium-sized organism with flagella and spores. At one end it 
has an Indian club-like enlargement, in which appears the spore. 
The bacillus resembles a kettle-drum stick similar to B. tetani. 
Under strictly anaerobic conditions, and incubated at 90 degrees 
F., it ferments milk in four days. The milk first curdles, then 
gradually the curd dissolves (digests) completely, leaving a clear 
yellow liquid, similar in appearance to butter oil. The fermentá- 
tion is accompanied by the evolution of a penetrating foul odor. 
This organism survives exposure for 15 minutes to 245 degrees 
F. Its thermal death point lies between 245 and 250 degrees F.^ 

Plectridium foetidum, as well as most of the other species of 
anaerobic, spore-bearing butyric acid bacilli and bacteria, is 
present abundantly in cultivated soil, in field crops and even on 
the^kernels of the grain. Since this type of evaporated milk 
defect is characteristic, especially, of the product manufactured 
during the late summer and early fall months, it is very probable 
that the dust incident to the harvesting of the field crops, fur- 


1 Hunziker, A Study of Gaseous Fermentátion In Evaporated Milk. 
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nishes the chief source of contamination of the milk, though it 
is quite possible that contamination with these germs may also 
result from the use of unclean equipment in the íactory, 

In order to avoid the occurrence of blown, fermented, evapo- 
rated mük, therefore, it is necessary to employ the highest steriliz- 
ing temperatures, or the longest exposure to the sterilizing heat, 
or both, consistent with freedom of the milk from curdiness. Ex- 
perience has shown that the use of the ranges of temperature and 


^. 
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time of exposure. gtven iinder Chapter XI on "Sterilizing," guard 
effectively against this defect. 

Blown Evaporated Milk Due to Freezing. — If the evapo- 
rated milk is exposed to storage temperatures below the freezing 
point of wHter, the contents of the cans will freeze. While freez- 
ing, the contents expand sufficiently to cause the eiids of the cans 
to bulge. When the cans are subsequently transferred to warnier 
temperatures, so that their contents melt again, the miik contracts 
and the cans resume their normal shape. 

Whüe the wholesomeness and flavor of the product are not 
afifected by the freezing process, the remelted evaporated milk 
is usuaüy less sniooth and often slightly grainy. Th¡s is due to 
the fact that, during the process of freezing, tiiere is a partial 
separation of the watery portion from the caseous material. The 
casein contracts and the watery portion freezes. When melted. 
the emulsión is less complete than it was before freezing. The 
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casein remains in its contracted form and robs the product of its 
original smoothness. 

Blown Evaporated Milk Due to Chemical Action. — While 
properly processed evaporated milk is pcrfectly sterile, and from 
the biological point of view, keepvS indefinitely, the cans of very 
oíd evaporated milk may bulge, as the result of the action of the 
acid in the milk on the container. Evaporated milk contains 
from .35 to .50 per cent acid (calculated as lactic acid). When 
the tin cans are filled with the evaporated milk, the tinplate is 
bright and untarnished, both, inside and out. After the sterilizing 
process, the inside surface of the cans is dark and dull. This is 
caused by the combined action of acid and heat, which seems to 
weaken the tinplate. This phenomenon is fnrther illustrated by 
the fact that where*creameries pasteiirize their skimmilk and 
return it to the patrons in the milk cans hot, the milk cans aré 
short-lived ; they soon corrode and begin to leak. 

The acid in the evaporated milk continúes to act on the tin- 
plate of the can after manufacture and in the case of very oíd 
evaporated milk, the acid may decompose a considerable part of 
th.e iron. This action is accompanied by the evolution of hydro- 
gen gas, which causes the cans to bulge. This action is hastened 
by continued exposure of the goods to high temperatures (sum- 
mer heat). This fact was experimentally demonstrated,^ also, 
by scratching the bottom of tin cans on the inside with a file, 
then filling the cans with a .4 per cent solution of lactic acid and 
acetic acid, respectively. After sealing, the cans were sterilized 
in the autoclave, so as to avoid any possibility of bacterial action. 
After cooling, these sterilized cans were incubated for some time 
at 90 degrees F. The cans containing the dilute acid began to 
swell, while the check cans, containing distilled water only, 
remained normal. 

Blown Evaporated Milk Due to Change in Altitude. — Cans 
of evaporated milk when filled in factories located at a low 
altitude (near the sea level) may bulge when transferred to a high 
altitude. The danger from this source is intensified, if the evap- 
orated milk happens to be cold at the time of filling, and when the 


1 Hunziker and Wright, Indiana Agricultural Experiment Statlon. Re- 
sults not published. 
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temperatura to which the cans are exposed at the high altitude 
is high. • , 

This type of swelled cans obviously has nothing to do with 
the quality of the contents, ñor is it the result of fermentation or 
chemical changes. It is caused by the fact that the pressure in 
a can sealed at the sea level is somewhat greater than the atmos- 
pheric pressure surrounding the can when transferred to a high 
altitude. If, at the same time, the milk packed at the sea level 
goes into the can at a low temperature and the atmospheric 
temperature at the high altitude, to which the sealed cans are 
shipped, happens to be high, the difference in pressure between 
the interior and exterior of the can is further increased, due to 
the expansión of the milk and of the air in the can. The com- 
bination of these factors is sufficient to cause the ends of the can 
to bulge, making it erroneously appear that the package contains 
fermented goods. 

This has actually happened in the case of one factory fiUing 
a Government v^^ar contract, the whole shipment of evaporated 
milk being rejected by the Government, because of the bulged 
cans. 

Occurrences of this type can be prevented by filling cans, 
intended for markets in high altitudes, with the evaporated milk 
while warm. 

Brown Evaporated Milk. 

General Description. — It is the aim of the processor to so 
govern the sterilizing process as to give the evaporated milk a 
rich, yellow, creamy color. Frequently, this color limit is over- 
stepped to the extent of imparting to the evaporated milk a brow^ 
color, suggesting coffee with milk in it. In this condition evap- 
orated milk fails to appeal to the consumen 

Causes and Prevention. — The dark color in evaporated milk 
is due to the oxidizing action of excessive heat on the milk sugar, 
causing the milk sugar to caramelize. This can be avoided by 
reducing the sterilizing temperature, or shortening the sterilizing 
process, or both. The storing of evaporated milk at high temper- 
atures (summer heat) also tends to deepen its color with age. 
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Grítty Plaín Condensed Bulk Milk. 

General Description. — Gríttiness in the unsweetened goods 
appears iisually only in the plain condensed bulk milk. It is a 
defect which renders the product undesirable for ice cream 
making. 

Causes and Prevention. — The chief cause of this defect is 
too great concentration. Plain condensed bulk milk which is not 
condensed over 3.5 parts of fresh milk to 1 part of condensed milk 
does not become gritty. When the concentration exceeds 4:1, 
the milk sugar begins to crystallize out, making the product 
gritty. Milk sugar requires about six times its weight of water 
for complete solution in cold water. When condensed at the 
ratio of 4:1 or over, the plain condensed bulk milk contains con- 
siderably less than five parts, by weight, of water to one part 
of milk sugar. This high concentration, together wíth the prac- 
tice of storing this product at refrigerating temperatures in order 
to preserve it, is responsible for the grittiness. This trouble can, 
therefore, easily be prevented by not condensing to quite as high 
a degree of concentration. 

Metallic Evaporated Milk and Plaín Condensed Bulk Milk. 

General Description. — Both, evaporated and plain condensed 
bulk milk may show a metallic and puckery flavor, though this 
defect is rather rare. 

Causes and Prevention. — The metallic flavor may be due 
to the same cause as metallic sweetened condensed milk, i. e., an 
unsanitary condition of the vacuum pan, in which case its recur- 
rence can be readily avoided by thoroughly cleaning all parts of 
the pan including the dome and the goose neck, and rinsing dowti 
the whole pan thoroughly with clean water each morning before 
operations begin. 

Unsweetened condensed milk máde bv the use of the "Con- 
tinuous Concentrator'' may have a metallic flavor when the 
scrapers in this machine are improperly adj usted, causing them 
to cut into the copper walls and thereby incorporating metallic 
copper in the product. This source of metallic flavor can be 
removed by proper adjustment of the revolving spider and its 
essential parts. 
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Evaporated milk may also show a metallic flavor as the result 
of chemical action of the acid in the milk on the can. This occurs 
usually only upon prolonged storage. Very oíd evaporated milk 
is very prone to have a metallic flavor from this sotirce and 
particularly when stored at a rather high temperature. This can 
best be avoided by endeavoring to move the goods sufficiently ^ 
rapidly to limit the age of the milk to a reasonable period of time 
and by avoiding high storage temperatures. 

Cans, in the manufacture and sealing of which an acid flux 
is used, are prone to give the contents a puckery, metallic flavor, 
due to the zinc chloride and hydrochloric acid presen t. This can 
be avoided by using cans only in the manufacture of which a 
non-acid flux, such as gasoline-resin flux, is used, and by using 
a non-acid flux for sealing the filled cans. 

Chaptkr XXTV. 

ADULTERATIONS OF CONDENSED MILK. 

It is the sense of the Federal Puré Food Act that the addition 
to condensed milk of any substance except sucrose, and the 
abstraction of any substance from milk except water, is an 
adulteration. 

Skimming. — Condensed milk made from partly or wholly 
skimmed milk must be labeled and sold as condensed skimmed 
milk in order to comply with the Puré Food regulations. How- 
ever, it is possible for condenseries receiving fresh milk, rich 
in butter fat, to skim a part of that milk and have their product 
still conform with the food standards. 

Skimmed sweetened condensed milk can readily be detected 
by its wliitish color, while condensed whole milk has normally 
a rich yellow color. When diluted, to the consistency of ordi- 
nary milk, skimmed condensed milk, both the sweetened and the 
unsweetened, foams very profusely when shaken, while diluted 
condensed whole milk behaves similar to ordinary whole milk.^ 

Addition of Artificial Fats.— In order to lower the cost of 
manufacture, attémpts have occasionally been made to skim the 

^ For Chemical tests of butter fat in condensed milk see Chapters XXXI 
and XXXIL 
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fresh milk and substitute the abstracted fat by artificial fats of 
animal or vegetable origin. 

Recent improvements in the method of manufacture have 
made it possible to manufacture evaporated milk, made frorh 
skim milk to which foreign fats, especially vegetable oils, such 
as cocoanut oil, have been added. This milk has every appear- 
ance of, and will commercially keep as well as genuine evaporated 
milk. A representative of this imitation evaporated milk is the 
''Hebe" product. This product consists of skim milk to which 
have been added vegetable fats to replace the butter fat. The 
mixture is homogenized in order to form a complete emulsión, 
then it is evaporated, filled in cans and sterilized in a similar 
manner as the genuine evaporated milk. 

The Federal law requires that the composition and ingredi- 
ents of these imitation products appear plainly on the label of the 
package. 

It should be clearly understood by the manufacturer, the 
dealer and the consumer that this imitation milk is inferior to 
the genuine evaporated milk, in the fact that it lacks the im- 
portant growth-promoting and curative properties which are 
inherent in whole milk. If sold on its o\Vn merits, and in accord- 
ance with the 'Federal law, there can be no logical objection to 
the imitation product, but if oflFered to the consumer as the 
genuine article, the manufacture and sale of imitation evaporated 
milk is a heinous crime against humanity. 

Experiments conducted at Ohio State University, by Mr. 
J. L. Hutchison, instructor in the Department of Agricultural 
Chemistry under the direction of Professor O. Erf, Chief of 
Department of Dairy Husbandry and Dr. J. F. Lipman, Professor 
of Agricultural Chemistry, demonstrated that "Hebe" milk, when 
fed to young white rats, resulted in malnutrition accompanied 
by stunted growth, sore eyes and death of some of the experi- 
mental rats, in a similar manner as did other rations in which 
the fat soluble vitamines were lacking. 

The volume of *'filled" evaporated milk ma'nufactured in this 
country is assuming large proportions and is growing annually 
as shown below: 
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Annual Output of Imitation Evaporated Milk, Made from 
Wholly or Partly Skimmed Milk to Which Foreign Fats 

had been Added.^ 


Tear 

Case Goods 
Pounds 

Bulk Goods 
Pounds 

Total 
Pounds 

1916 ...- 

12,000 
18,504 ■ 
41,033,855 
62,262,221 

14,134,712 

17,487,064 

7,591,182 

2,748,120 

14,146,712 

1917 

17,505,568 

1918 

48,625,037 

1919 

65,010,341 




Mothers who buy evaporated milk for feeding infants and 
children should be cautioned to observe carefully whether or not 
they receive the genuine article. Imitation evaporated milk is 
not a baby food. Babies and growing children need butterfat 
for their best development. If canned milk is used for infant 
feeding, it should be made from whole milk only. (See also 
Chapter XX on ''Vitamine Properties of Condensed Milk.") 

Addition of Commercial Glucose. — Commercial glucose be- 
longs to a group of starcli producís in vs^hich dextrose is the 
leading constituent. It is manufactured by the action of dilute 
acids in starch and starchy matter, or occasionally woody fibre. 
In this country it is almost w^holly made from maize starch. 

Starch glucose occurs in commerce in several forms, varying 
from the condition of puré anhydrous dextrose, through inferior 
kinds of solid sugar, to the condition of a thick syrupy liquid, 
colorless and transparent, resembling molasses in consistency 
and glycerine in appearance; it contains a large proportion of 
dextrin. In connection vsrith the manufacture of condensed milk 
the term "glucose" refers to this thick, syrupy liquid. It is added 
to the condensed milk with a view^ of substituting a portion of 
the sucrose and thus reducing the cost of manufacture. It has 
also been suggested that the presence of commercial glucose in 
condensed milk prevents the precipitation of sugar crystals. Ex- 
periments have showm, however, that condensed milk containing 
varying amounts of glucose, will become sandy just as readily 
as normal condensed milk. 

That glucose cannot be used as a substitute for sucrose, is 

1 The Market Repórter, U. S. Bureau of Markets, Vol. I, No. 18, 1920. 
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obvious from the fact that its presence defeats the very object 
for which siicrose is added. Instead of serving as a preservative, 
as is the case with the best refined,granulated cañe sugar, glucose 
acts as a most effective fermentative. It has been explained that 
the presence in sucrose of traces of invert sugar, or levulose and 
glucose, causes condensed milk to ferment. Glucose belongs to 
the monosaccharides. Its chemical formula, iike that of levulose, 
is CgHjjOe, it oxidizes readily and nnder the influence of yeast 
and other micro-organisms it ferments, yielding mainly alcohol 
and carbón dioxide. Its presence in condensed milk, therefore, 
is prone to start fermentation, and the manufacturer who uses 
it with a view of lessening the cost of manufacture of condensed 
milk is, indeed, practicing poor economy. There is no adultera- 
tion of sweetened condensed niilk that will produce such in- 
evitable disaster as the addition to it of glucose. Aside from this 
fact, the liaw prohibits the addition of anything except sucrose. 

Addition of Bi-Carbonate of Soda, Ammonium Hydroxide, 
Lime Oxide and Lime Hydrate and Other Alkali. — ^These alkalies 
and alkaline earths are frequently added to evaporated milk, for 
the purpose of neutralizing excess of acid, or balancing the ash 
constituents, in order to diminish the viscosity and tendency to 
curdle, to facilítate the sterilizing process, and to prevent the 
milk from curdling when exposed to heat. If used in reásonable 
quantities, they interfere in no way with the quality and health- 
fulness of the product, and may in exceptional cases prevent 
great loss. If used in excess, the milk will foam very badly in 
the vacuum pan, which renders the process of condensing a diffi- 
cult one and the finished product has a bitter flavor. Under 
ordinary conditions, their use is entirely unnecessary and simply 
means additional labor and expense. The above agents and also 
viscogen, are sometimes used with the view of thickening sweet- 
ened condensed milk and increasing the output. Experimental 
results,^ however, showed that these agents cannot be used in 
large enough quantities to produce the above results without 
materially lowering the quality of the product. 

Addition of Cream of Tartar. — Cream of tartar is used ex- 
tensively in the manufacture of candies and caramels. Its purpose 

^ Hunziker, experiments not publlshed. 
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is to make the sugar in these producís precipítate in the form of 
very fine and soft crystals. Condenseries, which have been con- 
tinually troubled with sugar crystallization and sugar sediment, 
have tried to overeóme this defect by adding cream of tartar to 
the sweetened milk in the vacuum pan. Cream of tartar is an 
acid salt (acid potassium tartrate, KH.C4H40e), and it is this 
acid which in the manufacture of candy causes the fine and soft 
grain of the sugar. It is obvious that if enough cream of tartar 
were added to condensed milk to produce the desired efFect on 
the sugar, the acid present would curdle the milk. Its use is of 
no valué to the manufacturer of condensed milk. 

Additioñ of Starch. — The pasty and thick consistency" of 
sweetened condensed milk frequently suggests to the public that 
it contains starch. This is erroneous, for it.is doubtful if con- 
densed milk is ever adulterated with starch. There would be 
nothing gained by so doing, and the presence of starch in con- 
densed milk could be readily detected with iodine. lodine gives 
the starch cells a deep blue color. 


PART VI. 
MANUFACTURE OF MILK POWDER 

Chapt^r XXV. 

DEFINITION. 

Milk powder, dry milk, pulverized milk, dehydrated milk, 
desiccated milk, milk flour, is made from cow's whole milk, or 
partly or wholly skimmed milk, or from whole milk that has been 
enriched by additional butterfat, to which sugar, or alkalies. or 
both may, or may not have been added, and which has been 
evaporated to dryness, either under atmospheric pressure, or 
in vacuQ. Powders made from cream containing 18 per cent 
butterfat or more, are called cream powders. 

KINDS. 

The milk powders on the market vary chiefly in their solu- 
bility and fat content. The bulk of the milk powders is produced 
from wholly or partly skimmed milk. Most of the milk powders 
of the early days of this industry contained added cañe sugar 
and alkalies. The purpose of the addition of alkalies w'as to 
lend greater solubility to the proteids. 

The process of manufacture, howeyer, has been improved 
to the extent to where the solubility of the proteids can now 
be preserved without the admixture of alkalies. Most of the 
milk powders put on the market in this country are free from 
admixture of any substances foreign to normal milk. 

HISTORY AND DEVELOPMENT OF INDUSTRY. 

The origin and history of the milk powder industry are very 
closely related and intimately connected with those of the con- 
densed milk industry. The fundamental purpose of the two 
products is one and the same, i. e., to preserve milk as nearly 
as possible in its natural condition, and to reduce its bulk to the 
minimum, so as to make possible its economical transportation 
to all parts of the world. 
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The difference between milk powder and condensed milk 
is mainly one of degree of concentration. It is not surprising, 
therefore, that the inventions -of processes of manufacture of the 
two producís date back to about the same period, the middle of 
last century, and in most cases the inventors of the one product 
had also in mind and gave due consideration to the possibilities 
of the other. 

The first commercially usable process was invented by 
Grimwade who secured a patent from the British Government 
in 1835. His process consisted briefly of first adding carbonate 
of soda or potash to the fresh milk, then evaporating in open 
jacketed pans and with constant agitation, until a dough-like 
substance was obtained ; then adding cañe sugar; the mixture 
was then pressed between rollers into ribbons, further dried 
and then pulverized. The alkali, in the forrri of carbonate of 
soda or potash, was added in order to render the casein more 
soluble, and the purpose of the adraixture of the sugar was to 
produce granulation of the dough toward the end of the process 
facilitating the removal of moisture during the later stages of the 
drying process. The evaporation in open pans was later super- 
seded by the use of the vacuum pan. The Grimwade process of 
manufacturing milk powder was in practice for some years. 

Since the introduction of the Grimwade process, several 
modifications thereof have been patented, and numerous new 
processes for desiccating milk, that involve principies entirely 
dififerent from the Grimwade process, have been invented, have 
found wide commercial application and have practically super- 
seded the use of the earlier inventions. 

The perfection of processes suitable for the commercial 
manufacture of dried milk is of relatively recent origin and dates 
back largely to the closing years of the nineteenth century and 
the first decade of the twentieth centry. Up to that time the 
annual output of milk powder was comparatively small. But 
within the last score of years rapid progress has been made and 
the world war has lent this industry additional Ímpetus. Today 
the annual production is assuming large proportions, especially 
that of powdered skim milk, though considerable quantities of 
powdered whole milk, powdered cream and powdered buttermilk 
are also manufactured, as show*n below. 
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Annual Production of Skim Milk Powder, Whole Milk Powder 
and Cream Powder in the United States.^ 


Klnd of Product 


Skim milk pow:der . 
Whole milk powder 
Cream powder .... 


Pounds by Years 


1918 


25,432,007 

4,164,334 

654,360 


1919 


33,076,131 

8,660,785 

592,070 


According to Potts,^ the number of firms manufacturing 
powdered milk producís in the United States is as follows : 

Skim milk powder 47 

Whole milk powder 15 

Cream powder ". 3 

* 

Description of the Principal Processes of Manufacture. 

The processes of desiccating milk, which have proven com- 
merciatly successful and have found wide application, may be 
conveniently grouped into three fundamental categories, accord- 
ing to the predominating principie upon which they are based. 
These are: 

1. Dough-drying processes. 

2. Film-drying processes. 

3. Spray-drying processes. 

For detailed discussion of the more (iutstanding principies 
covered in some of the patents of these processes the reader is 
referred to the following brief description and illustrations. 

1. Dough-drying Processes. 

To this group largely belong the earlier and cruder pro- 
cesses. The milk is condensed in any manner, either by heating 
in open pans under atmospheric pressure and usually with the 
help of mechanical agitation ; or in the vacuum pan with or with- 
out mechanical agitation; or in open vats by blowing heated 
air through the milk, to a high degree of concentration and to 
a dough-like consistency. The concentrated product is then 

^ The Market Repórter, U. S. Bureau of Markets, Yol. I., No. 14, 1920. 
* Pottfl. Data furnlshed by correspondence. 1920. 
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spread on trays or other similar containers, and dried to a hard 
substance in vacuum chambers or in other vaults or drying ap- 
paratus, provided with heating devices .or currents of hot air. 
The dried product is subsequently ground to a fine powrfer. 
Examples of this type of milk-drying processes are the Wimmer 
process, the Campbell process and others. 

The Wimmer Process. — The milk 
is boiled in a vacuum pan similar to 
that usedin the manufacture of con- 
densed milk. The vacuum pan has a 
deep steam jacket for heating, but in 
the place of the usual coils, the pan is 
equipped with a mechanical stirrer. 
The milk is condensed at a relatively 
low temperature and the stirrer re- 
volves until the water content of the 
milk is reduced to about 30 per cent 
and the milk has become porous and 
crumbly, though it still forms a com- 
pact mass. The drying is then com- 
pleted in the open air and without addi- 
tional heating. The product is then 
ground to a powder. This is the pro- 

^^' *SoiíSÍ? SÍSSSS' ""^ ^^ss invented by Ole Bull Wimmer of 

Copenhagen, Denmark. 

The Campbell Process. — This process was invented, pat- 
ented and improved by J. H. Campbell of New York City, U. S. 
patent Nos. 668,159 and 668,161, February 19, 1901 ; U. S. patent 
No. 718,191, January 13, 1903; U. S. patent No. 762,277, June 
14, 1904; and by J. H. and H. C. Campbell, U. S. patent No. 
668,162, February 19, 1901 ; and by C. H. and P. T. Campbell, 
U. S. patent No. 771,609, October 4, 1904. 

The Campbell process consists essentially of concentrating 
milk to a high degree of concentration by blowing heated air 
through it in an open vat. The milk is reduced to a very thick 
consistency, resembling a batter. The concentrated milk is then 
removed from the evaporating tank, is reduced mechanically to 
small units by means of a pugging or shredding machine, or 
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otherwise. This subdivided product is tlien placed on shelves 
or trays and dried iii a chamber heated to a temperature below 
the coagulating point of the albumen. 



lif. »1. TU* OampliaU nllk dri«r 

I. A concentratlng vesHel, a outlet, b valve, c hot water Jacket, o 
water pipe, c' dlBChargc of Jaokct, B air pipe, e connectlng hose, I stand 
B alr-dlstrtbutlng- dlsc. t alr ctis-mber. — 11. E pug mili, 1 oyllnder, j hoppt 
k chute, 1 horizontal shaft, m bladea tor sttrrlng-, m' projectlons for scraplí 
blades. F Vermlcelll-machlne, n hopper, o cyHndrlcal chamber, p pistón, 
aplral acrew, q' worm-wheel. o' small boles, i* endless travellng apron, " *~ 
wlth perforated bottom.— III. O drier. t body of drler, H blower. t' 
openlng Co Insert trays. u' openlng for removlng trays, vv endless cbaln 
projectlons for supportlng trays. w coll heater. w' pipe clrcillatlng hot 

In the processes of the dough-drying principie of desiccatioi 

the dried product is reduced to a marketable powder by grindin! 

it and then bolting or or sifting it. 


2. Film-Drying Processes, 

To this group belong the numerous processes in which the 
milk, with or without previous concentration, is dried on the 
surface of one or more steam-heated, revolving drunis. The 
milk is either picked up by the revolving drnms, or it is sprayed 
onto these driims, forniing a'thin film which dries rapidly. The 
film of dried milk so formed is atomaticatly removed with each 
revolution of the drnm by means of a mechanical scraper. In 
some of the processes of the film-drying type the drying cyl- 
inders opérate in the open, under atmospheric pressure, in others 
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the drying drums are incased in a vacuum chamber and the 
drying- is accomplished under reduced pressure. Some of the 
U. S. patents of the film-drying process that have found wide 
commercial application are described below. 

The Just Process. — This process appears to be the first of 
its type that found wide application in the desiccating of milk. 
It was invented and patented by John A. Just of Syracuse, New 
York, U. S. oatent No. 712,545, Noveniber 4, 1902. 



riff. 92. TU* Jnst mUk drl«r 


The essential equiprrient involved in the Just process con- 
sists of two horizontal steam-heated revolving metal cylinders. 
These cylinders are installed sufficieirtly cióse to each other so 
that there is contact at their periphery. A milk destributing tank 
(7) with adjustable discharge (8 and 9) in the center over and 
between the two cylinders. Scrapers or knives (11) which re- 
move the dried film of milk from the cylinders; and receptaclés 
(12) which receive the finished powder. 
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The patent claims of the Just process cover the treatment 
of the milk with calcic chloride (CaO + CaClj), or with the 
double salt of sodium and calcium citrate, to reduce the acidity 
of the milk, and with alkaline hypochiorite for the purpose of 
preserving the fatty acids in the finished product, the heating 
and boiling of the milk by bringing it in contact with a heating 
surface of a temperature above 212 degrees F. and below 270 
degrees F., allowing the thus treated and heated míik to flow 
in regulated quantities on the surface of the steam heated re- 
volving metal cylinders, where ít is dried in the form of a film 
and from which it is removed by mechanical scrapers. The 
temperature of the heating surface on the cylínders is to exceed 
212 degrees F. and to be below 270 degrees F. 

The high temperature to which the milk is heated obviously 
reduces the solubiiity of the finished powder. The purpose of 
neutralizing the acidity of the milk, before drying, is to mini- 
mize the solubility-destroying action of the high heat. 

The Hatmaker Process. — This is similar to the Just process. 
James R. Hatmaker of London, England, purchased the Just 
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process for operation in Europe and later secured a patent of 
his own, which represents a modification of the original Just 
process, and which is known as the Just-Hatmaker process. 
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The Gathmann Process. — This process and equipment was 
invented and patented by ■ Louis Gathmann of Washington, 
D. C, U. S. patent No. 834,516, October 30, 1906. 

In this process, similar as in the Just process, the milk is 
drieil in tlie /orm oi a film on a revolving, steam-heated drum. 
under atmospheric pressure. In this case, however, only one 
drum is iised, the drum (A) is cone-shape instead of cylindrical 
and its siirface is spirally grooved or corrugated (a) and the 
adjacent surface against which the cone revolves is also similarly 
corrugated but tlie spiral grooves (b') running in the opposite 
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direction from those on the cone, as is common in grinding- 
milis. Henee when the cone revolves the drying milk is kneaded 
and ground between the two surfaces and is gradually carried 
or pushed by the corrugated surface of the revolving cone to 
the smaller, or discharge end of the machine. 

The adjacent corrugated surface against which the surface 
of the cone grinds, and which incases the lower half of the surface 
of the cone, is «team jacketed (b*), so that the míIk is between 
two heated surfaces. 

A hopper (D) regulates and feeds the flow of the milk to 
the cone at its larger end and a brush (G) located near the 
smaller end of the cone removes such parts of the dried milk 
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as may adhere to the grinding surface. Baffle boards or dash 
boards are provided to receive such of the milk as may splash 
from the cone. 

The patent claim covers the drying of the milk by feeding 
it to a continuously moving, heated surface, where it is permitted 
to form a comparatively thin layer, heating it to evapórate the 
water, and simultaneously subjecting it to a kneading, which 
gradually changes to a grinding action, as the milk solidifies, 
and forms a powder. 

The temperature of the heating surface is recommended to 
be that of boiling water, but may be between 212 degrees K. and 
270 degrees K: The milk enters the hopper without preheating 
and without other treatment. 

The Passburg Process. — This process was invented and 
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patented by Emil Passburg of Berlin, Germany, U. S. patent 
No. 726,742, April 28, 1903. This film dryer operates under 
reduced pressure. It consists of an outer casing (A) in which 
revolves one steam heated, metal drum (T), an automatic milk 
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supply regiilating feed (E) which keeps the milk in the vacuum 
casing at a constant level, an overflow apertura ( J) that regulates 
the thickness of the film, a vacuum pump. a scraper (S) to 
remove the film of dried milk from the revolving drum and an 
evacuated receiver (B) for the dried substance. 

The milk is drawn into the drum casing* or vacuum chamber 
by the forcé of the vacuum in this chamber. Tiy the proper 
adjustment of the feed valve and the overflow vahe, the milk 
rises to a given level and stays at that level while operation is 
in progress. The revolving steam-heated drum slightly 
dips mto the milk in the vacuum chamber and picks up a film 
of milk which dries under reduced pressure while the drum 
makes one revolution. The dried film is removed by the auto- 
matic scraper and the finished dried milk is discharged into the 
receiver, while the moisture-laden air and vapors escape through 
a condenser located outside of the drying apparatus. 

The Ekenberg Process. — This is also a film drier operating 
in vacuo. This process was invented by Martin Ekenberg of 
Stockholm, Sweden, in the year 1899 and is covered by a number 
of United States patents, some of the earlier of which are patent 
No. 764,9^5, 1904, and No. 785,600, March 21, 1905. The patents 
covering this process are owned by the Ekenberg Company of 
Cortland, N. Y., who are operating numerous milk drying fae- 
tones in the States of New York and Michigan. 

The Ekenberg milk drier is called exsiccator. It consists 
of a revolving, steam heated nickel drum, inclosed in a vacuum 
chamber. The ends of the drum form bell-shaped bowls, 
dished outward. The drum is equipped with knives or scrapters, 
which remove the film of dried milk that gathers on the drum. 
Attached to the vacuum chamber there is a smaller chamber 
which serves to receive the dried milk as it is scraped from the 
drum. This is separated from the large vacuum chamber by a 
series of air locks, so that the material may be removed without 
breaking the vacuum in the large chamber. ^ 

The milk, as it enters the vacuum chamber, is sprayed into 
the concave ends of the drum. In this nianner it is fore-con- 
densed. It is then withdrawn from the vacuum chamber by a 
pump, and returned again, this time being sprayed upon the 
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periphery of the drum. The milk remaJns on the drum only long 
enough for it to make three-quarters of a revolution. 

After the dried milk is removed from the exsiccator, it is 
placed in a special drying chamber at a temperature of 90 degjees 
P. where it remains long enough for the milk sugar to crystallize. 
This is usually accomplished in about an hour. After this it is 
ground and sifted in a similar manner as is the case in the milling 


of wheat flour. It is tben ready for the market, wíiich it reaches 
packed in either tins, boxes, or barréis. 

The fact that the milk is evaporated under reduced pressure 
makes it possible to accomplish the dryíng at a relatively low 
temperature, atthough the film of drying milk is naturally ex- 
posed for a very brief time to the direct heat of the drum, and 
which obviously varias with the steam pressure in the drum. 
The manufacturers claim that the drying of the milk takes place 
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at a temperature of about 100 degrees F. and that the milk at 
no time reaches temperatures higher than 120 degrees F, 

The Govers Process. — This process and equipment was 
invented and patented by Francis X. Govers, of Owego, New 
York, U. S. patení No. 939,495, November 9, 1909. 

In the Govers patent the milk is dried on two revolving, 
hollow cylinders (5) located at such proximity to each other 
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that there is practical contact at the periphery of the two cyl- 
inders, in a similar manner as is the case with the Just process. 
These revolving cylinders, however, are inclosed and operated 
in an cúter casing which serves as a vacuum chamber (2), which 
connects wíth a vacuum pump through pipe (27). There is a milk 
supply tank (1) with regulating valve (4), feeding the milk to 
the vacuum chamber through pipe (3). Plates (10) which bear 
against the opposite ends oí the cylinders (5) form with the 
revolving cylinders a receptacle (13) to receive and retain a 
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small quantity of the milk to be desiccated. The cylinders are 
charged with hot water through pipes (16). Scrapers (21) re- 
move the dried milk from the cylinders, and a rotating valve 
arrangement (28 and 29) is provided to catch the dried milk as 
it is scraped from the cylinders and to carry it from the vacuum 
chamber without breaking the vacuum. 

In the operation of this machine it is aimed to maintain a 
partial vacuum, sufficient to cause the milk to boil at a tem^ 
perature of about 157 degrees F. Through the revolving metal 
cylinders passes a continuous flow of hr)t water at a temperature 
somewhat higher than 157 degrees F. but below 212 degrees F., 
so that the milk is never exposed to 212 degrees F. ñor over. 

In the small receptacle of milk at (13) to which the milk 
is continually supplied from the outside, and as rapidly as it 
evaporates, the milk.is heated, to about IS7 degrees F. by the 
revolving cylinders. It is partly condensed and a thin film of 
this condensed milk coats the surface of the cylinders where it 
dries, the dried film is removed from the cylinders by the scrapers 
and discharged to the outside of the apparatus through the vanes 
of the four-winged valves (28), located near the bottom on both 
sides of the vacuum chamber. 

The Buflovak Process. — The principie of drying milk and 
other liquids on a steam- or hot water-heated revolving drum 
has been put to extensive application through the activities of 
the Buffalo Foundry & Machine Co., Bufiíalo, N. Y. This com- 
pany has, during the last decade, invented, constructed and 
perfected the "Buflovak" vacuum drum drier. Patents were 
granted their engineer, Mr. O. S. Sleeper, by the United States 
Government in 1911, 1913, 1914, 1915 and 1916. All these patents 
were assigned to the BufiFalo Foundry & Machine Co. 

These patents pertain to the drum drier as used for whole 
milk, skim milk, buttermilk and milk products in general. They 
are applicable to other products as well as to milk, but for milk 
they are made specially accessible for cleaning and for sanitary 
control. 

The Buflovak drier consists of a casing in which revolves 
a steam-heated, polished drum. The milk is fed to the surface 
or periphery of this drum by a pan located beneath the drum 
and placed lightly against the drum. The pan has an overflow 
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along one side for the automattc removal of the surplus milk not 
taken up by the driim. To the bottom of this casing is suppHed 
a quantity of milk. This is pumped to the supply pan under the 
drum, the overfiowing milk running back into the lower portion 


of the casing. There is sligbt pressiire in the supply pan which 
causes the drum to take up a heavy and even coating. Near 
the supply pan is instaUed a leveling arrangement which levéis 
ofif and equalizes the layer of milk on the drum, As the drum 
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revolves and the layer of milk reaches what is termed the front 
of the machine it is continuously removed in the form of a dry 
film by a stationary scraper. At this point the machine is pro- 
vided with a breaker which consists of a shaft with a number 
of rods prqjecting through the same/ which revolves to break 
up the film of dried milk as it leaves the drum. This does not 
reduce the film to a powder, but causes the material to be suffi- 
ciently broken up to allow it to fall into the receiver where it 
can be easily handled for removal. 

The receiver is a large cylindrical pan placed below the 
scraper at the front of the machine. ■ Observation glasses are 
placed so that all internal parts may be seen while being operated. 
The receiver is equipped at each end with a door of the full width 
of the receiver, facilitating the rapid removal of the dried milk. 

Aside from' the circulating pump for supplying the milk to 
the feed pan, there is a condenser and a dry vacuum pump. Be- 
fore the vapors reach the condenser, they pass through a dust 
collector. This is water-sealed and prevents the accumulation 
in the vapor pipe of any dust that may escape from the drum 
and pass to the condenser. 

This drier is operated under a high vacuum, permitting rapid 
evaporation at a relatively low temperature. The actual drying 
time of the film of milk on the drum is about 6 to 7 seconds. 
The operation is continuous and at the conclusión of the day's 
run the machine is washed out. If subsequently closed up and 
evacuated for a few minutes, the eñtire interior will be dry, in- 
suring a sanitary condition of the machine. 

3. Spray-Drying Processes. 

To this group belong the severa! processes in which milk is 
desiccated by atomizing it into a fine spray and in an atmosphere 
or current of heated air. The small particles of the milk spray sur- 
render their moisture quickly and drop to the bottom of the drying 
chamber in the form of flakes of dried milk while the moisture- 
iaden air escapes to the exterior, screens or other f orms of dust col- 
lectors being provided to recover such parts of dried milk as may 
escape from the drying chamber with the expelled air. The principie 
of desiccating fluid substances by atomizing them into an atmosphere 
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iof heated air dates back to the invention of Samuel R. Percy in 
1872. 

The Percy Process. — This process was invented and patented 
by Samuel R. Percy of New York City, U. S. patent No. 125,406, 
April 9, 1872. The process embraces in its claims, a process of 
atomizing and desiccating fluid and solid substances, also any viscid 
substance containing water, by the use of dried, heated or cooled air 
or gas, which f orces the substance into átoms ; the atoms are thrown 
forward, and forced into a chamber and dried in consequence of the 
dried or heated air which propels them into the chamber and also, 
owing to the dried and heated state of the chamber into which they 
are thrown. 

The Stauf Process. — The Stauf process represents the first 
commercially successful application of the desiccation of milk by 
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the spray-drying principie invented by Percy. The Stauf process 
was patented by Robert Stauf of Posen, Germany, U. S. patent No. 
666,711, January 29, 1901. 

The patent claims are as f oUows : "The process of obtaining 
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the solid constituents of liquids, such as blood, milk and the like, in 
the form of powder, said process consisting in converting the liquid 
into a fine spray, bringing such spray or atomized liquid into a reg- 
ulated current of heated air, so that the liquid constituents are com- 
pletely vaporized, conveying the dry powder into a suitable coUect- 
ing space away from the air current, and discharging the air and 
vapor separately from the dry powder." 

The Stauf patent shows a vertical drying chamber (e) into 
which the liquid (milk) to be desiccated is atomized through jets 
or nozzles (b) under pressure, intó a fine spray. A current of 
heated air is admitted at the bottom of the drying chamber (f ) run- 
ning in the same direction as, and mixing with, the spray of milk, 
and evaporating the watery constituents of the spray. The steam 
and dried particles are carried upward by the heated air, retaining 
the atoms momentarily in the current of hot air and causing them 
to surrender substantially all the remaining moisture in the form of 
vapor, and the product is prevented by the cooling eífect of such 
evaporation from undergoing chemical change. The vapors and 
dried atoms are guided by a cone (g) extending downward from the 
top into the drying chamber, into collecting chambers (h) where the 
desiccated milk or dry powder gathers in hoppers (i) away from 
the vaporizing current. The moisture-laden air or gas is separated 
from the dry powder and escapes through the sides of the collecting 
chamber, which consist of mili gauze, woolen fabric or like pervious 
material. 

The McLachlan Process. — This process was patented by 
John C. McLachlan of Chicago, 111., U. S. patent No. 806,747, De- 
cember 5, 1905. This process is a modification of the Stauf process. 

McLachlan uses a tall vertical drying chamber (B) surrounded 
on its sides by a jacket or casing (A), containing steam heating coils 
(G) with intake, and outlet of steam ; a circular, perforated pipe 
(M) is installed near the top of the chamber for the purpose of dis- 
charging into the chamber heated air, an atomizing jet (O^) enters 
through the side of the drying chamber near the top, an air pump 
(O) forcing heated air into the atomizing nozzle (O**), a slide door 
(D) at the bottom of the drying chamber for the discharge of the 
dried powder through opening (E), and a perforated covering (K) 
over the top of the drying chamber for the escape of the moisture- 
laden air. 
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In this apparatus the spray of the milk entera info the upper 
part of the drying cliamber and is permitted to drop through an 
atmosphere of heated air. As the atoms of drying milk descend, 
they surrender more and more of their moisture and at a certain point 
toward the bottom they have discharged substantially all their mois- 


Tig. 100. Tba Ko^ftotalau ullk driar 

ture and are deposited in the form of a dry powder in the bottom 
of the drying chamber, from where they are discharged by a slide 
door. In the meantime the vapors pass íreely up and out of the 
upper or open end of the chamber. 

This process difters from the Stauf process essentially only in 
the fact that the milk descends through an atmosphere of heated air 
and that the drying chamber and the coUecting chamber are one and 
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the same, while in the Stauf patent the milk spray ascends and is 
carried into sepárate collecting chambers. 

In a later design, U. S. patent No. 1,038,773, September 17, 
1912, McLachlan causes the heated air to be forced into the drying 
chamber through a rotating discharge head located in the center of 
the drying ehamber. The rotating discharge head directs the air 
currents radially outward toward a deflecting ring. 

The milk is blown into the drying chamber through múltiple 
supply nozzles or atomizers. These supply nozzies enter through the 
periphery of the deflecting ring. They discharge in a horizontal 
plañe and incline to the radius in such a manner as to cause maxi^ 
mum commingling of the finely divided particles of the milk with the 
heated air. The dried powder, deposits in the bottom of the drying 
chamber, a belt conveyor discharges it into a screw conveyor pocket, 
whence it is removed to any suitable storage container. 

The moisture-laden air leaves the drying chamber through 
drums near the bottom and top of the drying chamber. These dis- 
charge drums are equipped with suitable arrangement to recover 
such parts of the powder as are deposited on their surfaces. 

The Merrell-Merrell-Gere Process. — This process is similar 
to the Stauf process except that the patent covering the Merrell- 
Merrell-Gere process specifically refers to the desiccation of pre- 
viously condensed milk, while the Stauf patent makes no specific ref- 
erence to the use of condensed milk, although the term "milk" may 
have been intended to embrace all kinds of milk regardless of the 
degree of concentration prior to desiccation. 

The Merrell-Soule Co., of Syracuse, N. Y., purchased the 
Stauf patent in 1905 and two years later L. C. Mérrell, I. S. Merrell 
and W. B. Gere, of Syracuse, N. Y., assignors to Merrell-Soule Co. 
patented the process as applied to desiccating condensed milk, U. S. 
patent No. 860,929, July 23, 1907. Their patent claims read as 
f ollows :* 

1. **The process of obtaining^ the solid constituents of 
liquids and semi-liquids, in the form of powder, which process 
consists in concentrating the substance by removing a large 
percentage of the water therefrom, converting the concentrated 
mass into a fine spray, bringing such spray into a current of dry 
air or gas having an avidity for moisture so that substantially 
all the remaining liquid constituents are separated thereby, 
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conveying the dry powder into a suitable collecting space away 
from the air or gas current, and discharging the air or gas sepa- 
rately from the dry powder. 

2. "The process of obtaining the solid constituents of liquids 
and semi-liquids, in the form of powder, which process consists 
in concentrating the substance by removing a large percentage 
of water therefrom, converting the concentrated mass into a 
spray, bringing siich spray into a current of dry heated air or 
gas having an avidity for the moistiire of the substance treated. 
retaining the atoms momentarily in said current so that sub- 
stantially all the remaining moisture is converted into vapor 
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and the product is prevented by the cooling effect of such evap- 
oraron from undergoing chemical change, conveying the dry 
powder into a suitable collecting space away from the vaporizing 
current, and discharging the air or gas separately from the dry 
powder." 

The Merrell-Soule Co. are operating numerous powdered 
milk faetones, with headquarters in Syracuse, N. Y. This com- 
pany has subjected the spray-drying process to much experi- 
mental study in efforts to perfect the process and to improv'e 
the quality and keeping properties of the product. 

Obviously, during the life of the Stauf patent, which ex- 
pired January 29, 1918, no one could make milk powder by the 
spray-drying process, whether from milk uncondensed, or from 


1 From Plaintiff's Record in the U. S. Dlstrlct Court. 
ve. Rico Milk Frod\icts Co. 
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milk previously condensed without paying tribute to the owners 
ot this patent, the Merrell-Soule Co. 

The C. E. Rogers Process. — This process was patented by 
Charles E. Rogers of Detroit, Mich., U. S. patent No. 1,226,001, 
May 15, 1917, and No. 1,243,878, October 23, 1917. 


/o 

a / 
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Courtesy of C. E. Rogers 


^ desiccating chamber, * spray nozzles, » spray pipes, * hot alr Inlet con- 
duit, * end of alr condult, " deflector, "^ air discharge conduits, ^ recovery 
screens, • pivots, i® bar, ^Moose screens for vibra tlng, ^^ gp^ings, " rods con- 
tacting with ^* cams. 

The patent claims cover the desiccation by the spray-drying 
process of fluids including condensed milk. The apparatus con- 
sists of a large drying chamber, the spray nozzles are located 
near the top on all four sides of the chamber. The hot air i? 
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admitted near the bottom in tlie center of the drying chamber, 
means for heating the air, blowing it into the drying chatmber 
and screens located near the bottom at the periphery of the 
chamber for discharging the spent air are provided. 

In this apparatus the sprayed milk falls from near the top 
of the drying chamber through an ascending current of heated 
air. The milk spray entering on all sides causes an even distribu- 
tion of the spray particles and a consequent even deposit of the 
dried milk particles on the bottom of the drying chamber. The 
previously condensed milk is sprayed into the drying chamber 
while heated to a temperature of 140 degrees F., the temperature 
of the air in the drying chamber ranges from 180 to 200 degrees 
F. The distance over which the spray falls through the ascend- 
ing current of heated air being sufficient to permit the removal 
from .the milk particles of substantially all the remaining 
moisture. 

The Gray Process. — Chester Earl Gray of Eureka, Calif., 
and Aage Jensen of O-akland, Calif., U. S. patent No. 1,078,848, 
November 18, 1913, Chester Earl Gray, Assignor of one-half to 
Aage Jensen, U. S. patent No. 1,107,784, August 18, 1914, and 
Chester Earl Gray, U. S. patent No. 1,157,935, October 26, 1915, 
and U. S. patent No. 1,266,013, May 14, 1918, subjected the pos- 
sibilities of spray drying to extensive study and invented and 
patented successive improvements and new principies relating 
to desiccation of milk and other liquid substances. 

Gray patent No. 1,107,784 involves an apparatus with a 
circular desiccating chamber A, having a cone-shape lower sec- 
tion B, terminating in a discharge opening for the dried sub- 
stance, and a discharge opening C for the moisture-laden air. 
The heated air is introduced into the desiccating chamber 
peripherally in a tangential direction, by means of a blowér D. 
Between the blower and the drying chamber there is an inclosed 
heating coil (steam coil) over and around which the air is blown 
into the drying chamber. The tangential entry of the heated air 
into the circular chamber sets up a cyclonic current therein and 
this effect is augmented by introducing the air at several diíf erent 
points through tangential openings a. The milk to be desiccated 
enters under pressure through a spray nozzle H, located in the 
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center of the chamber and is atomized. The distinctive features 
of this process are: 

1. The heated air enters at the periphery, forms a cyclonic 
current moving tangentially toward the center where the moisture- 
laden air escapes at C. 

2. The atomized milk enters at the center of the cyclonic 
air current, partakes of the rotary movement of the air current, 
but because of their greater specific gravity the particles of dry- 
ing milk influenced by centrifuga! forcé are caused to travel in 
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spiral unes outwardly through the current of air and are finally 
arrested by the confining walls of the chamber dowti which 
they fall to the discharge end at the bottom. 

3. The exhaustiveness of the removal of moisture from the 
particles of milk is augmented by the fact that the heated air 
moving through the spray of milk spirally toward the center, 
where it escapes, has taken up its máximum charge of moisture 
by the time it reaches the center, which is the point of its dis- 
charge and it is dryest near the periphery. The spray of milk 
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heing discharged into the cyclonic ciirrent at the center, carries 
its miaximum moisture content at that point, gradual ly surrenders 
it to the air, as it moves outAviard to the periphery of the cyclonic 
current. The completion of the drying is accomplished in the 
zones of incoming heated air which carry the least humidity. 
Therefore, as the outwardly moving particles of milk surrender 
more and more of their moisture, they pass through dryer zones 
of heated air. This obviously both accelerates the speed of 
drying and enhances the completeness of the removal of moisture. 

4. Inasmuch as the danger of the solubility-destroying eíFect 
of heat is greatest while the milk is still in the liquid state, and 
this effect is practica Uy completely absent in milk from which 
the bulk of moisture has been Vemoved, this process has the ad- 
ditional advantage of máximum preservation of the solubility 
in the finished product. The temperature of the cyclonic air 
current is lowíest when it reaches the center where the moisture 
content of the milk is greatest. By the time the particles of milk 
come in contact with the hottest air (at the periphery) their 
moisture content is lowest. 

5. This process tends to facilitate máximum recovery of 
the milk powder. The moisture-laden air escapes in the center, 
where the particles of milk are heaviest, and where their greater 
specific gravity causes them to partake of the centrifugal motion 
moving them outward until when completely dried, they strike 
the steeply tapered confining walls of the drying chamber and 
fall to the bottom of this chamber. 

Gray patent No. 1,157,935 involves, in addition to the new 
and advantageous features established under patent No. 1,107,784. 
and explained above, apparatus and a method for supporting the 
milk bv other substance to be desiccated on and by the introduc- 
tion of a soHd, sheet-like, or finely divided substance. In the 
case of milk, the supporting or absorbing material used may be 
previously desiccated milk. 

The desiccating chamber A described in this patent is similar 
to the desiccating chamber show?n under patent No. 1,107,784, 
and the intake of the heated air B and discharge of the moisture- 
laden air C are unchanged. The intake of the milk and support- 
ing material into the desiccating chamber is located in the center 
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near the top of this chamber. The milk and supporting material 
enter through an inlet duct E, through which a shaft F extends 
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down to a vaned distributer G, which is revolved by any suitable 
power mechanism. The material to be dried enters the duct E 
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at the upper end being fed thereto by a screw conveyor H, which 
receives the product from the coating chamber I which is located 
above the drying chamber. The coating chamber is cone shape. 
At the upper end of this chamber there is provided a means for 
introducing the nucleus mass or supporting material, in this case 
the previously desiccated milk, and distributing the same in the 
chamber, as well as a means for maintaining in this chamber an 
atmosphere which carries the milk to be desiccated in com- 
minuted form. The nucleus mass or supporting material is fed. 
to a rotary distributer K by a screw conveyor M, receiving its 
material from a hopper N. Extending down through a hollow 
shaft L is a pipe O terminating in an atomizing nozzle and the 
milk to be desiccated is forced through the pipe and nozzle under 
pressure. By this arrangement the comminuted milk and the 
comminuted supporting material come into intimate contact 
whereby the particles of the supporting material become coated 
with the milk to be desiccated. 

At the bottom of the desiccating chamber a grading mechan- 
ism is provided consisting of shaking screens Q and Q^ and a 
hopper P Which sepárate the desiccated milk into three grades. 
Shaking screen Q is of relatively large mesh. It is designed to 
remove only the larger particles which pass from thiis screen to 
a pulverizing apparatus R where they are reduced to a finer 
condition. The material passing through screen Q drops on 
screen Q/^, the m>esh of which is of such size as to permit the 
passage of only the finer particles, while the intermedíate sized 
particles are discharged into receptacle S as the finished product. 
The finer particles pass down onto a shaking floor Q^ and from 
there into a receiver U, which may also receive the pulverized 
material from pulverizer R. A conveyor V carries the material 
from receiver U up into hopper N, this material constituting the 
nucleus mass or supporting material used for desiccating the milk. 
There is no drying action in the coating chamber. 

This apparatus and process may be operated continuously 
and after it is once in operation the output is claimed to be equal 
to or greater than wtould be possible, with an apparatus in which 
the liquid milk itself is sprayed into the current of heated air. 

This process yields a product having particles of appreciable 
size, which facilitates ease and completeness of solution in water. 
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It is superior in this respect to the fine state of división of the 
product of other processes, in which state the partióles are more 
difficult of mixture and solution, though they may be equally 
soluble. 

Gray patent No. 1,266,013 deviates in principie from No. 
1,157,935, in that the liquid to be desiccated is distributed on a 
desiccating supporting surface, and the dried milk is removed 
from this surface in finely divided form. The operation is made 
continuous by causing the spraying or dépositing devices to 
travel in unisón with the devices for removing the dried material, 
but so as to deposit the liquid on the supporting surface after the 
same has been cleaned of the dried substance. 

The d e s i c c ating 
chamber is of large 
size and cone-shape. 
The inclined or taper- 
ing sides A form the 
supporting surface. It 
terminates at its bot- 
tom in a suitable dis- 
charge opening B, reg- 
ulated by a valve b. At 
the top in the center 
there is an exit C for 
the moisture-laden air, 
and peripheral inlet 
openings D for the 
heated air, similar as in 
the apparatus of the 
two previous patents, 
and so arranged as to 
créate in the drying 
chamber a c y c 1 o n i c 
action, whereby any 
particles heavier than '*'• ^^- tü^ oray aüik driT 

the air are caused to seek the walls of the chamber and be 
deposited thereon. In the center of the upper portion of the 
drying chamber is a rotary spray nozzle F, arranged to direct 
the milk in a fan-shaped spray against the inclined wall A, The 
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milk reaches the spray nozzle under pressure through pipé G. 
The nozzle rotates by means of a traveler I supported by a track 
i and a roller arrangement i^ The traveler extends down through 
the desiccating chamber, with driving attachment K and L near 
bottom. The traveler is provided with a brush made of a mass 
of chain links M, depending from the traveler and resting in 
contact with the inner surface of the inclined wall A. This brush 
insures the removal of the dried material from the surface in 
finely divided form. 

If it is desired to control the temperature of the supporting 
surfa<;e A during the drying operation, the supporting wall may 
be jacketed, thereby forming a surrounding chamber N through 
which a circulating médium of the desired temperature may be 
passed to effect the proper control of the temperature of the 
surface. 

The design and arrangement of the apparatus cóvered by 
the above patent is such that while the major portion of the 
surface is constantly exposed to the drying effect of the cyclpnic 
current 'of the heated air, the brush and the traveler which 
propels it, advance around the chamber so as to remove the 
dried milk from each portion of the surface in succession and the 
spray nozzle operates in such a manner as to direct the spray 
of milk against the surface in the rear of the traveler and brush, 
or on that portion of the surface from which the dried milk has 
been removed.^ 

Chapter XXVT. 

COMMERCIAL MANUFACTURE OF MILK POWDER BY 

THE SPRAY PROCESS. 

Pre-heating of Milk. — It has been demontrated that in order. 
to preserve máximum solubility of the finished product, the fluid 
milk should not be heated above 150 degrees F. 

Accordingly the practice has been generally adopted in 
'plants drying milk by spray-drying to heat the milk to from 
140 to 150 degrees F. For this purpose similar equipment is 
used as in the manufacture of condensed milk. 

Pre-condensing of Milk. — While, in the early days of the 
use of the spray-drying principie for desiccating milk, the fluid 
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milk, without precondensing, was sprayed, and while this pro- 
cedure is entirely feasible, it was soon found that it was more 
economical to remove a considerable portion of the water of the 
fluid milk and to reduce the product to a concentration of about 
4:1 or 4.5:1 before spraying-. This is accomplished by condens- 
ing the fluid milk by any of the methods for condensing as de- 
scribed under the ** Manufacture of Condensed Milk" in this 
volume. In general practice the vacuum pan is used for this 
purpose in most of the milk powder plants. 

Eflfect of Pre-condensing on Economy of Manufacture.— 
The chief advantage and purpose of pre-condensing, instead 
of spraying the fluid, or uncondensed milk, lies in the greater 
economy of operation in the case of pre-condensing. 

The fluid milk contains more water than the condensed 
milk; more water must be removed during the spraying process, 
henee less milk can be desiccated in equipment of the same capa- 
city and in the same space of time than in the case of spraying 
pre-condensed milk. The pre-condensing therefore means greater 
capacity of the available equipment- shorter hours and greater 
economy of operation. 

Again, the fuel requirements are greater in the process of 
desiccating by the spray method than by evaporation in the 
vacuum pan or the film method. The comparative efíiciency 
of evaporating water by means of air and in vacuum, is well 
understood. The heat-transmitting coefíicient of air is much 
lower than that of steam and metal heating surfaces. The 
heat applied in the form of heated air is less completely utilized 
than the heat applied in the form of steam in copper jackets and 
coils, henee in evaporation by heated air there is greater waste 
of heat and fuel. The various factors which enter into the dry- 
ing by means of air and the resulting losses of heat transferred 
are discussed in detail by E. Hausbrand^ in his revised treatise 
entitled "Drying by Means of Air and Steam." 

Eflfect of Pre-condensing on Bulkiness of Spray Milk 
Powder. — Other conditions, such as orifice of spray nozzle, 
pressure of milk, and temperature to which the milk is preheated 
being the same, the milk powder made by spraying fluid or un- 
condensed milk, is somewhat more bulky than that made by 
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pre-condensing the milk before spraying. The spraying of un- 
condensed milk appears to produce a more flaky powder while 
the spraying of condensed milk results in a more granular 
powder. The flake shape does not pack as closely together as 
the granular shape. This is obviously an advantage in favor of 
pre-condensing. 

Hówever, the physical shape and condition of the poA^dered 
milk can be controlled to a considerable extent by modification 
of the coarseness or fineness of the spray. In fact, by such modi- 
fication it is possible to make a distinctly granular product from 
uncondensed milk, and a decidedly flaky product from the pre- 
condensed milk. 

The finer the spray the more flaky the milk powder; the 
coarser the spray the more granular the milk powder. The fluid 
milk makes a finer spray than the condensed milk ; therefore the 
more flaky condition of the powder from the former. 

Aside from the concentration of the milk to be sprayed, the 
fineness or coarseness of the spray can be regulated by the size 
of the orífice of the spray nozzles and by the pressure of the 
milk. The larger the orífice or the lowler the pressure, or both, 
the coarser will be the spray and consequently the^more granular 
the milk powder. Therefore, in order to reduce the flakiness 
and bulkiness of milk powder made from uncondensed milk, and 
to make this milk powder more granular, the orífices of the 
spray nozzles must be relatively large or the pressure of the 
milk must be relatively low, or both. Superheating of the milk 
(boíling it at 212 degrees F.) by turning steam direct into it 
also assists in minimizing the fluñiness and bulkiness of the re- 
sulting milk powder but it diminishes the solubilíty of the 
product. 

Effect of Pre-condensing on Keeping Quality of Spray Milk 
Powder. — Inasmuch as the spray milk powder that is now com- 
mercially manufactured does not contain enough moisture, 
when properly desiccated and protected from dampness, to 
sustain bacterial action, the keeping quality of this product does 
not materially depend on bacterial decomposition or freedom 
therefrom. 

Milk powder does became stale with age, however, and 
much of it gradually develops a tallowy flavor and odor. This 
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must be attributed to chemical changés, one of the chief of which 
is oxidation. While there are numerous agents, which come in 
contact with, or enter into, the composition of milk powder, that 
may bring about, or may invite oxidation, air is one of the most 
likely factors to play an important role. 

Air, as is well known, acts as an oxidizing agent. Since 
there is a noticeable tendency of the product from uncondensed 
miilk to be flakier and bulkier than the product from condensed 
milk, it appeárs that with this increased bulkiness, there may 
be more air in a given bulk, varying somewhat with the method 
of packing. 

But experience has shown that there is enough air contained 
both, in a package of milk powder made from uncondensed milk 
and in á like package of milk powder made from condensed 
milk, to cause deterioration, when other conditions, such as 
light, or temperature, or both, are favorable, or when there is 
present in the product enough moisture. 

There are no experimental results available that show any 
difference in the keeping quality of the two products and the 
experience of the commercial manufacturer points to the con- 
clusión that the milk powder made from uncondensed milk 
keeps as well as the product made from pre-condensed milk. 

Effect of Pre-condensing on Solubility of the Spray Milk 
Powder. — The flaky and fluffy powder of the uncondensed milk 
goes into solution at the start somewhat slower than the more 
granular powder made of condensed milk. This is due to the 
fact that the flaky particles with their relatively large exposed 
surfaces, coming in immediate contact with the water, dissolve 
and take up water so rapidly, that they run together and paste, 
forming a coating around the remaining mass of the product, 
which renders the penetration of the water into the mass some- 
what slower at the start. However, this is no indication that 
the flaky powder is less soluble than the granular powder, in 
fact the flaky powder, because of the large relative surfaces of 
its particles and, therefore, the greater área of contact, does 
dissolve more rapidly when it actually comes in contact with 
water. 

Experiments conducted by Hunziker indicate that the diflPer- 
ence in speed of solution between the two products is very slight 
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and that the total solubility is very- slightly greater in the case 
of the more flaky milk powder made from uncondensed milk. 
In these experiments the amount of milk powder, the amount 
and temperature of the water and the kind and amount of me- 
chanical agitation were exactly alike. At the end of one minute 
from the time the milk powders were put into the water, the 
amount of solids dissolved was practically the same in the case 
of the flaky powder made from imcondensed milk as it was in 
the case of the granular powder made from pre-condensed milk. 
And after that the percentage of total solids dissolved from the 
powder made from uncondensed milk was slightly greater than 
the percentage of total solids dissolved at the end of the same 
respective periods of time from the powder made from pre-con- 
densed milk. 

Here again it should be understood that uncondensed milk 
may be so atornized and dried (large orifice of spray nozzle and 
low pressure) to increase the size and granular condition of 
the particles of the resulting powder sufficiently, so that for 
all purposes for which milk powders are used commercially and 
domfestically the ease or difficulty of solution is no longer any 
factor. 

Effect of Pre-condensing on Recovery of Spray Milk Powder. 

— The finer, lighter and more fluíFy thé milk powder the greater 
is the tendency of a portion of the powder to escape from the 
drying chamber. Henee it is obvious that the product.from un- 
condensed milk, when desiccated in such a manner as to intensify 
the flakiness at the expense of a granular condition (small orifice 
of spray nozzle and high pressure), will tend to escape from 
the drying chamber more profusely than the more granular 
powder made from pre-condensed milk. Pre-condensing facil- 
itates máximum recovery. 

It should be borne in mind, however, that the fineness of 
some of the particles of dried milk made from either uncon- 
densed or pre-condensed milk, makes necessary the use of an 
efficient dust coUector. Without such a dust collector, a portion 
oí the finer and lighter particles will be lost in either case. In 
the case of the flakier and finer product of uncondensed milk, " 
the dust collector must be such as to collect a product of that 
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fineness, in order to be efficient and to accomplish máximum 
recovery. 

The percentage of recovery of the solids of milk in the form 
of milk powder in any given desiccating arrangement then is 
largely a matter of efficiency of the dust collector, and the effi- 
ciency of dust collectors must increase as the fineness and flaki- 
ness of the product increases. The recovery may be materially 
facilitated, however, by such an arrangement of the desiccating 
apparatus, as v^ill cause the particles of drying milk to travel 
in a direction opposite to that of the escaping air, as indicated 
in the Gray patents. 

Heating the Air. — This is done either by the installation 
and operation of a furnace, similar in principie to hot air fur- 
naces, or by steam coils installed in a closed, insulated vault. 

The hot air furnace makes possible the heating of the air 
to higher temperatures and it is claimed to be somewhat more 
economical from the standpoint of fuel consumption. Its dis- 
advantages are that the temperature is somew^hat more difficult 
to control, it fluctuates rapidly with the condition of the fire. 
There is also more^ or less danger of impure air, because in the 
case of even slight leaks betv^een the fire box and the hot air 
chamber, soot and ashes tend to be drawn into the heated air 
and are thus blown into the drjnng chamber where they mix 
with and deposit in the milk powder. 

Steam coils, enclosed in a vault, have been found less 
objectionable in this respect. While it is more difficult to attain 
quite as high a degree of heat by this method, the heated air 
can be maintained more easily at a uniform temperature and 
there is no danger of impurities leaking into the air. 

The air is drawn into the furnace or hot air vault from the 
atmosphere. It may be, but usually is not, filtered by admitting it 
through an air filter, located at the intake, into the hot air vault. 
Absorbent cotton or other similar pervious material may be used 
for this purpose. 

The earlier patents also cover an air drying arrangement in- 
stalled before the air reaches the hot air vault. This greatly as- 
sists in controlling and making uniform the results of the drying 
process from one day to another, neutralizing the disturbing ef- 
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fect of the uncontrollable fluctuations in the humidity of the at- 
mospheric air, as aífected by weather conditions. However, in 
commercial operation the artificial drying of the atmospheric air 
is generally omitted. 

The air may be blown into the desiccating chamber by a 
blower fan, in which case a suction fan is frequently also installed 
to draw the moisture-laden air from the desiccating chamber ; or the 
injection of the air into the drying chamber may all be taken care 
of by a strong suction fan located at the air exhaust end of the 
desiccating chamber. It is claimed that the double arrangement 
of blowing in and drawing out of the heated air, requiring less 
powerful suction at the exhaust end, minimizes the escape of milk 
powder with the moisture-laden air and thereby facilitates the 
recovery. The speed of the drying action and the exhaustiveness 
of desiccation may be augmented by introducing the air in such a 
manner as to produce a cyclonic air current moving spirally toward 
the center of the drying chamber, where it escapes while the milk 
spray issues from the center, is acted on by the centrifugal forcé 
and moves tangentially toward the periphery as shown in the Gray 
patents. 

The temperature of the air as it enters the desiccating cham- 
ber is generally held at from 250° to 300° F., the temperature of 
the moisture-laden air discharging from the drying chamber ranges 
from 150° F. to 200° F. 

Spraying and Desiccating. — The drying is accomplished by 
forcing the milk or condensed milk, in the form of an atomized 

■ 

spray, into the current of heated air in such a manner, that the 
fluid milk particles, or atoms of the milk spray, remain in suspen- 
sión sufficiently long to cause them to surrender substantially all 
of their moisture. The dried particles or flakes of milk are al- 
lowed to deposit at the bottom or sides of the drying chamber or in 
a sepárate collecting chamber, from where they are removed for 
sifting and packing through a hopper, while the moisture-laden air 
escapes separately to the outside. 

The Desiccating Chamber. — The desiccating chambers in 
commercial use vary considerably in size and in shape, as well as 
in arrangement of spray nozzles and intake and outlet of heated 
air. 
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Most of these chambers are rectangular, measure from about 
12 feet in length, width and height upward to much larger dimen- 
sions. Some are longer than they are wide and others are much 
higher than they are wide and long. Still others are of the circu- 
lar type, resembling small silos, and some are cone-shape. 

The desiccating chambers are usually completely lined witb 
tin píate on the inside, making them air tight or nearly so. In 
order to prevent waste of heat by radiation through the walls, top 
and bottom, they must be properly insulated. This is generally 
done with asbestos sheeting. 

Spray Nozzles. — The milk enters the desiccating chamber 
through one or more spray nozzles, under a pressure of abbut 
3,000 pounds. The spray nozzles are generally located in the side 
of the drying chamber in cióse proximity to the top, so as to g^ve 
the spray particles as far a distance to fall through the heated air 
as the height of the chamber permits. Or the spray nozzle may be 
located in or near the center of the drying chamber, in its upper 
portion, in which case the spray issues outward radially, or is blown 
out of the nozzle tangentially by giving the spray nozzle a rotary 
motion. 

When more than one spray nozzle is used, the múltiple noz- 
zles are either airranged in a straight row along one side, or they 
may be distributed over two or over all four sides of the desic- 
cating chamber. 

DifFerent types of spray nozzles or atomizers are used. In 
some hot air under pressure, or steam, propels and blows the milk 
through the nozzle on a similar principie as the boiler water in- 
jector. In other cases the spray nozzle consists of a heavy black 
iron cap, about one and one-quarter inch long and with a one-half 
inch threaded bore. This cap is screwed on to the end of the 
milk pipe, or its laterals. In the center of the closed end, the cap 
has a very fine opening with a diameter of from one-half to one 
millimeter (.02 to .04 inch). A small brass disc, about one-quar- 
ter inch thick and snugly fitting into the iron cap, lays against 
the closed end of the cap and covers the small orífice. This brass 
disc carries two minute spiral grooves at its periphery, through 
which the milk under pressure is fórced between disc and cap 
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and escapes throiigh the small orífice in the cap, forming a 
fine spray or misf. 

The smal] orífice through which the milk spray enters the 
desíccatíng chamber íncreases in size by usage due to wear, and 
necessitates the frequent replacing of the oíd caps or nozzles by 
new ones. When ín operation, these spray nozzles at times be- 
come clogged and must be changed for cleaning. It is necessary, 
therefore, for the operator to supervise the process continually, 
making sure that all the spray nozzles function properly, so as to 
secure máximum efficíency and speed of desiccation. 

In order to facilítate the changing of spray nozzles whíle desic- 
cation is in progress, the nozzles are so placed as to connect with 
the milk pipe on the outside of the desíccatíng chamber, the nípples 
carrying the spray nozzles connectíng with the milk supply pipe by 
means of Barco joínts (loóse joints), can be tumed Ín all directions 
sufficiently to withdraw the nozzles from the desíccatíng chamber 
independently and at any time during the desíccatíng operation. 

Spray Pumps. — In order to maíntain a uniform efficíency of 
desiccation and to secure a uniform fineness of spray, ¡t is im- 
portant that the pressure of the milk should be uniform. To ac- 
complish thís requires a special type of pump. The pumps best 
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suited for this purpose are three cylinder pumps with large, heavy 
valves and with extra deep stuffing boxes that can be packed with 
one-half inch packing rings, and special, heavíly bolted glands that 
can be readily adjusted when the pump is running. 

The triple cylinder arrangement insures a steady pressure 
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and continuous flow through the spray nozzles and the deep stuf- 
fing boxes enhance the tightness of the seal. The hardening of 
condensed milk on the plungers is prevented by an open pot water- 
seal which completely merges the stuffing boxes, the water serving 
to both cool and lubrícate the packing and to prevent ¡ts being hard- 
ened by absorbing condensed milk. While the pump ¡s in operation 
a small stream of cold water is allowed to run into this water pot 
and to overflow through a suitable opening. 

These pressure pumps should also be provided with proper 
relief or overflow valves, so as to avoid the danger of excessive 
pressure and variation in the spray, in case several of the spray 
nozzles should become clogged simultaneously. 

At the finish of the run of milk, a quantity of water should 
be pumped through these high pressure pumps and pipes and it 
is advisable to allow the pumps and pipes to stand full of water 
when they are not in use, so as to loosen and remo ve remnants of 
condensed milk, preventing their accumulation in the cylinders and 
avoiding difficulties incident to plugging and clogging. 

The pressure used at which the milk is forced through the 
spray nozzles varies from 800 to 3,500 pounds per square inch, 
the usual range of pressure employed fluctuates between 2,000 and 
3,000 pounds. The múltiple nozzles with the fine openings require 
less pressure to secure the same atomizing effect than when fewer 
or pne large nozzle is used. 

Hot Air Intake and Discharge. — The heated air enters the 
drying chamber at points varying with diíferent types of cham- 
bers. Where the spray issues forth from nozzles located all on 
one side, the heated air often is admitted through a slot located 
directly under the spray nozzles and the air travels in the same 
direction as the spray and mixes with it. 

In desiccating chambers in which the spray nozzles are in- 
stalled on all sides, the heated air may enter near the bottom in 
the center of the desiccating chamber, pass up through and mix- 
ing evenly with the spray that issues from all sides toward the 
center. Or the heated air may enter at the top and pass downward 
with the spray. Or it may enter at the periphery at various points 
near the top, in the form of a cyclonic current moving spirally to- 
ward the center, and escaping in the center through the top of the 
desiccating chamber. 
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The arrangement of the exit of the moisture-laden, spent air 
also diífers with different drying chambers. In many cases, espe- 
cially where the heated air and spray enter at one side, the exit 
of the moisture-laden air is on one side, in this case on the side 
opposite that of the intake. In other cases the spent air escapes 
at the top and in still others near the bottom of the desiccating 
chamber. 

Hausbrand^ points out that the air always enters the desic- 
cating room hotter than it leaves and that the spent air is usually 
more completely moisture-saturated than the incoming air. The 
density of the spent air therefore is greater than that of the air 
at the intake. The spent air is heavier. It has, consequently, an 
inclination to pass downward. Hausbrand accordingly holds, that 
in vertical drying rooms the direction of the currents of air should 
be from top to bottom, since the movement is then more uniform 
than when the heated air enters below and at once takes the shortest 
path to the upper exit, without coming in contact with all the dry- 
ing material. 

It is important that the drying room be protected against 
the entry of air from outside. The walls must be free from leaks, 
the peep holes or sight glasses, the doors and the shutters in the 
hopper at the bottom, must fit tightly. 

The outgoing air, in a properly operating desiccating cham- 
ber, should have a temperature considerably lower than the incom- 
ing air. As previously stated, it usually is, and it is desirable that 
it should be below 200° F., and preferably not above about 150° F. 
The lowering of the temperature of the heated air in the desiccat- 
ing chamber is due to the cooling effected by the rapid evaporation 
of the moisture from the spray of milk. This cooling effect in 
turn protects the milk solids against changes resulting from contact 
with the hot air, and assists in preserving their .original solubility. 

Recovery of Desiccated Milk. — Because of the extreme fine- 
ness and lightness of the milk powder made by the spray process 
of desiccating milk, a certain portion of the most flaky and fluffy 
particles escapes from the desiccating chamber with the outgoing 
air. As previously stated, the proportion of powder that thus 
escapes varíes greatly with the degree of flakiness or granulation 


1 Hausbrand, Drying by Means of Air and Steam, 1901, 
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of the product. But even in the case of quite granular powders 
a very appreciable portion leaves the desiccating chamber. Again, 
efforts have been made to prevent this escape of milk powder by 
extending the length of the desiccating chamber, thereby augment- 
ing the distance between the intake and exit of the hot air. This 
arrangement subjects the dried particles over a longer distance to 
the gravity forcé, their opportunity to drop to and deposit on the 
bottom of the desiccating chamber be f ore being caught in the out- 
going air current is augmented, and the tendency for escape is 
diminished. In other cases, see Gray patent, the intake and dis- 
charge of the air and the direction of the particles of milk are so 
arranged that the moisture-Iaden air escapes in the center while the 
milk spray moves tangentially toward the periphery, thus making 
for minimum escape and máximum recovery of the powder. 

At best, however, there is need of provisions to recover milk 
powder carried off in the air currents escaping f rom the desiccating 
chamber, and diverge contrivances have been designed and are in use 
in milk powder faetones for this purpose. 

These arrangements for the purpose of reclaiming or recover- 
ing the milk powder are known as "dust coUectors." They are 
similar in principie to those used in flower milis. Some of these 
dust coUectors now in commercial use are guaranteed to accom- 
plish 99.9 per cent recovery of such products as corn starch, wheat 
flour and the like. 

They chiefly consist of vaults or drums or other containers 
ínto which the suction fan, located at the air exit end of the dry- 
ing chamber, discharges the outgoing air. These vaults are. 
equipped with a series of canvas screens or bags on which the par- 
ticles of milk powder floating in the outgoing air, are deposited, 
and from which by mechanical shaking or otherwise, the escaping 
milk powder is reclaimed and recovered. 

In some factories a part of the recovery equipment consists 
of a so-called cyclone. This is usually a cylindrical receptacle 
with cone-shaped bottom. The air escapíñg from the drying cham- 
ber is blown into this cyclone with great forcé and, being thrown 
against its walls, drops at least a portion of the fine, dust-like milk 
powder it contains. 
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Bolting. — The powdered milk resulting from the spray dry- 
ing process of desiccation requires no grinding. It is very floury 
in its physical make up, and after sifting it is ready to be packed. 

Packing of Milk Powder. — The dried milk is put on the 
market in packages of various types, such as fibre containers, tin 
cans and barréis. The sizes vary from 8 ounce packages to 200 
pound barréis. Of the small size packages the 10 pound can with 
friction top predominates. The barréis vary some in net weight 
wíth the process of manufacture used, the granular product of 
the dough-drying and film-drying. processes being heavier than the 
flaky product of the spray-drying process. 

The bulk of milk powder reaches the market in barréis ; these 
are paper lined, similar as sugar barréis. 

Chapter XXVII. 

COMPOSITION AND PROPERTIES OF 

MILK POWDERS. 

Chemical Compositíon of Milk Powders. — The chemical 
compbsition of milk powders varies principally with the percent- 
age composition of the original milk from which the powder is 
made, and to some extent with the process of desiccating. 

The percentage composition of the fluid milk is controUed 
primarily by locality and season of year, as determined by bread, 
period of lactation and feed of the cows. For these reasons milk 
powders made by the same process, but in different localities and 
at different seasons of the year, often show very considerable 
variations in their percentage composition. 

Effect of Atmospheric Conditions. — The atmospheric con- 
dition, especially with reference to humidity of the air, has a 
further, frequently quite material effect on the chemical composi- 
tion of the powder from the standpoint of dryness ór moisture 
content. Experience has amply demonstrated that when there is 
a high degree of humidity in the atmosphere, the resulting milk 
powder shows a higher per cent moisture than when made on a 
clear, dry day. 
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Effect o£ Process of Manufacture. — The influence of the 
process of manufacture on the composition of the milk powder 
refers priniarily to modifications of the milk prior to desiccation, 
although the method of desiccation itself also exerts a limited 
effect. 

The greater the percentage of butterfat to which the original 
milk has been standardized or modified, the lower must necessa- 
rily be the percentage of solids not fat, and this same fact is true 
also of the finished powder. Henee the milk powders may vaj*y 
from say one per cent of fat and possibly o ver 95 per cent of 
solids not fat in the case of skim milk powder, to over 70 per cent 
of fat and less than 30 per cent of solids not fat in the case of 
cream powder. Whole milk powders generally contain from about 
26 to 29 per cent fat. 

The degree of dryness, or per cent of moisture, aside from 
atmospheric conditions is largely governed by the process of desic- 
cation. Generally speaking, milk powders manufactured by the 
spray-drying process contain less moisture than those made by the 
film-drying and dough-drying processes. 

The spray-drying process, at its present state of perfection, 
makes possible the removal of all but a very small percentage of 
moisture. Spray powders containing as low as one per cent 
moisture are quite possible; in fact, the moisture content of these 
powders, as found in commerce, ranges from about .5 per cent to 
3.5 per cent, averaging about 1.5 to 2.5 per cent. 

The powders resulting from the film-drying processes generally 
contain from about 3 to 6 per cent moisture. 

Some milk powders, especially certain brands of foreign man- 
ufacture, and particularly those of the dough-drying process, also 
contain added sucrose. 
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Chemical Compositíon of Milk Powders. 


Analyses Made or 
Reported by 


Whole milk powders: 

Richmond^ 

Richmond^ 

Richmond^ 

C. Huyge^ 

Larsen & White\ . , . . . 

Otakar Laxa* 

Merrell-Soule Co.*^ 

Part skim milk 
powders : 

Richmond^ 

C. Huyge^ 

C. Huyge* 

Larsen & White^ 

Otakar Laxa* 

Otakar Laxa* 

Otakar Laxa* 

Merrell-Soule Co.^ 

Skim milk powders: 

Richmond^ , 

C. Huyge^ 

Larsen & White'^ 

Otakar Laxa* 

Stocking* 

Mojonnier Bros. Co.^. . 
Mojonnier Bros. Co.^. . 
Mojonnier Bros. Co.^. . 
Cream powders: 

Merrell-Soule Co.*^ 

Merrell-Soule Co."^ 

Merrell-Soule Co.^ 


Water 

% 


Butter- 
fat 

% 


6.39 
4.92 
4.74 
3.62 
1.40 
4.07 
1.50 


5.15 
5.01 
8.30 
5.00 
5.46 
4.80 
5.85 
2.12 

3.55 

7.40 

7.001 

7.15 

2.40 

3.39 

1.72 

1.00 

.80 
.66 
.56 


27.35 
27.98 
29.16 
26.75 
29.20 
25.00 
28.20 


19.90 
15.26 
13.00 
15.12 
21.96 
17.13 
15.72 
14.20 

1.00 
1.00 
1.57 
1.35 
1.25 
1.15 
1.97 

50.40 
65.15 
71.15 


Proteln 
% 


Milk 
Sugar 

% 


27.48 
24.59 
26.66 
32.06 
26.92 
24.84 
26.67 


31.10 
38.39 
30.57 
33.30 
25.69 
29.88 
30.95 
32.26 

35.45 
37.28 
37.00 
33.29 
37.70 
33.94 
35.01 
34.75 

19.19 
13.42 
11.12 


31.42 
34.16 
32.24 
31.90 
36.48 
35.75 
37.88 


34.96 
34.67 
48.85 
39.70 
40.93 
40.72 
40.67 
44.41 

45.60 
46.30 
47.00 
47.23 
49.94 
50.88 
52.24 
51.92 

25.45 
17.86 
14.74 


Ash 

% 


Cañe 
Sugar 

% 


6.00 

• • 

6.24 

1. 

5.63 

■ • 

5.67 

• • 

6.00 

• • 

6 20 

3. 

5.75 

• • 

7.11 

• • 


6.67 
7.28 
6.90 
5.74 
6.84 
6.06 
7.01 

7.89 
8.00 
8.00 
8.03 
8.21 
7.87 
8.03 
8.24 

4.16 
2.91 
2.43 


¿:> 


13' 


• • • ■ 

• • • • 

1.16* 
5.08* 
1.46* 


2.80 


14, 


1 Richmond, Dairy Chemistry, 1914. 

2 C. Huyge. La Poudre du lait, Revue genérale du lait. V ol 3, No. 
1904. Also Leach Food Analyses, 

• Larsen & Whlte. Dairy Technology, 1913. 

• Otakar Laxa. Berlchte der laktologischen Anstalt der k. k. bohmlschen 
technischen Hochschule in Prag, Vol. VIH., 1917. 

■ Merrell-Soule Co. Descrlptive Bulletin Concernlng Merrell-Soule Pow- 
dered Milk, 1918; also Stocking, Manual of Milk Products, 1919. 

• Mojonnier Bros. Co. Aaalysls by request of author, 1919. 
a Hydrocarbons in ash. 
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Solubility of Milk Powdcrs. — «If milk powders are to take 
the place of fresh milk or condensed milk on the table of the con- 
sumer, and for most of the industrial uses to which they are being 
put, they must be readily soluble. One of the greatest obstacles 
in the progress of the milk powder industry has been that the 
dried milk of most of the processes failed to be readily and com- 
pletely soluble.. Earlier processes prescribed the admixture to 
the milk of alkalies in order to preserve the solubility of the pro- 
teids, which otherwise were rendered insoluble by the high heat 
of the respective processes. It is obvious that a dried milk, the 
solubility of which can be retained only by the admixture of al- 
kalies, is a poor substitute for milk, and the very principie of add- 
ing Chemicals to a food product like milk, is contrary to our ideal 
of successful manufacture of high quality of product. 

The term "Solubility" is here used in the broader sense of 
the word. Milk is not a true solution. It is part solution and 
part emulsión. "Solubility" here implies a powder, in which those 
constituents which are in complete solution in normal fluid milk, 
have retained their original solubility, such as the sugar'of milk, 
and in which those constituents which are present in normal fluid 
milk in the form of an emulsión, as is the case with the casein, 
fat and part of the ash, have retained their original emulsifying 
power. In short, the term "solubility," as used in this discussion, 
means those attributes of the milk powder that enable the pow- 
der, when mixed with water, to again form a solution and emulsión 
of a character, physically and mechanically, similar to that of nor- 
mal fluid milk. 

The solubility of milk powders varies principally with the 
quality of the fluid milk and with the process of manufacture. 

By quality of milk, as here referred to, is meant chiefly the 
acidity. The combination of the heat of desiccation and of high 
acidity, tends to rob the protein and ash constituents of the re- 
sulting powder of their natural solubility. The higher the de- 
gree of acid in the fluid milk, the lower will be the solubility of 
the powder. The f resher and sweeter the milk at the time of desic- 
cation, the more soluble will be the powder, other factors being the 
same. 

For this reason many milk powder factories are endeavoring 
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to receive their fluid milk twice daily, and some are using*alkaline 
neutralizers in order to reduce the acidity of the milk before desic- 
cation. 

One fundamental reason why even slight incre^ises in acidity 
do very markedly reduce the solubility of the finished powder, lies 
in the fact that the high degree of concentration necéssarily mul- 
tiplies the percentage of acid, and with it the solubility-destroying 
effect of the heat of desiccation. 

The process of manufacture controls the solubility of the milk 
powder chiefly by the degree of heat to which the milk is exposed 
and by the manner in which the heat is applied. 

In the film process of drying, for instance, the milk is exposed 
to the heated cylinder charged with steam under pressure, and con- 
sequently it is subjected to temperatures far exceeding that of the 
boiling point of water. This high heat does materially reduce the 
solubility of the resulting powder, though this unfavorable efíect 
may be minimized to some extent by having the cylinders opérate 
in a vacuum chamber under reduced pressure. 

In the case of the spray-drying process, the milk is not exposed 
to a steam-heated metal surf ace. The fact that the air entering the 
spray-drying chamber may have, and usually does have, a tempera- 
ture of from 275 degrees F. to over 300 degrees F., appears to not 
materially affect the solubility of the resulting powder. 

In the spray-drying process the evaporation of the moisture in 
the atomized spray is so rapid that it brings about a marked cooling 
effect, and it is believed that the milk soHds are kept in a relatively 
CDol condition until they have surrendered substantially all of their 
moisture. 

This protection of the milk against the solubility-destroying 
action of heat appears to be especially insured by the process of 
the Gray patent, in which the coolest strata of the heated a*ir only 
come in contact with the incoming moisture-laden milk, and by the 
time the milk particles enter the zone of the hot incoming air they 
have surrendered the bulk of their moisture. 

That a marked cooling effect does take place in the drying 
chamber is further borne out by the fact that the moisture-laden air 
escaping from the drying chamber has a temperature very much 
lower than the entering air. The outgoing air of a properly operated 
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spray-dfying chamber usually has a temperature of from 150 to 
about 180 degrees F. 

In the spray-drying process it is cüstomary to heat the fluid 
milk or the condensed milk to not to exceed 150 degrees P., and it 
appears that when this is done the milk solids are not exposed to 
temperatures materially higher than 150 degrees F. until they have 
given off their moisture; in fact, it is possible that at least during 
the early stages of desiccation they are actually cooled by their 
rapid surrender of moisture. 

Experimental study has demonstrated that, when a certain de- 
gree of concent ration has been exceeded, exposure to high heat de- 
stroys the solubility of the protein constituents of the milk. This 
is a matter of common knowledge to the operator of the sterilizer 
in the manufacture of evaporated milk. In the spray-drying process 
the change from high concentration of the milk in the liquid state, to 
complete dryness, is so instantaneous that no damage is done and 
when once dry, exposure to heat does no further harm. 

The solubility of the powder resulting from the spray-drying 
process may be materially reduced, however, if the fluid milk, 
prior to desiccation, is heated to temperatures considerably in ex- 
cess of 150 degrees F. 

The powders of the properly operated spray-drying process are 
practically completely soluble in cold water. The powders of the 
film-drying process require hot water for their solution and even in 
hot water they fall short slightly, but unmistakably, of complete 
solution. 

The relative solubility of spray- and film-dried powders is 
shown in the f oUowing table : 
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Solubility of Milk Powders of Fílm-Drying Proccss, and 

of Spray-Drying Proccss. 


Process of Desiccation 


In Cold Water 
78.5» F. 


Per Cent 

in 
Solution 


Per Cent 

of 

Powder 

Pissolved 


In Hot Water 
210» F. 


Per Cent 

in 
Solution 


Per Cent 

of 
Powder 
Dissolved 


Total Solids 


Film-process powders: 

Skim milk powder 

Cream powder 

Spray-process powders: 

Skim milk powder (milk heated 
to 150 degrees F. before 
desiccation) 

Skim milk powder (milk heated 
to 210 degrees F. befóre 
desiccation) 


3.94 
3.46 

69.61 
61.13 

4.42 
4.53 

5.61 

99.12 

5.76 

5.09 

88.16 

5.33 


78.09 
80.03 


101.76 


94.17 


Protein 


Filni-process powders: 

Skim milk powder 

Cream powder 

Spray-process powders: 

Skim milk powder (milk heated 
to 150 degrees F. before 
desiccation) 

Skim milk powder (milk heated 
to 210 degrees F. before 

' desiccation) 


.41 
.49 

• • • • 

• • • • 

.65 
1.62 

2.00 

• • • • 

1.97 

• 

1.47 

■ • • • 

1.74 


■ • • • 


The solubility tests, the results of which are recorded in the 
f oregoing table, were made as f ollows : 

Two samples of film-process powders and two samples of spray- 
process powders were used. Twelve grams of each powder was 
added to 200 ce. of water at a temperature of 78.5 degrees F. The 
four samples were placed into a mechanical shaker and shaken for 
ten minutes. 

After shaking, 100 ce. of each lot was poured through a paper 
filter and the fíltrate analyzed for percentage of total solids. 

The remaining 100 ce. of each lot was heated to the boiling 
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point and held there for five minutes. The water lost by evapora- 
tion was replaced. The hot solutions were then filtered and analyzed 
for total solids. 

The results of the above tests show that the spray-process 
powder when made from milk that was not heated above 150 de- 
grees F. before desiccation, had the power of returning into an 
emulsión in cold water that would filter in a similar manner and 
would pass through the filter with a similar degree of completeness 
as ordinary milk. The powder was substantially completely soluble. 

When made from milk that had been heated to the boiling point, 
the spray-process powder lost slightly over 10 per cent of its solu- 
bility. About one-half of this loss was recovefed upon heating the 
water and powder mixture to the boiling point. 

The film-process powder in cold water went into a Alterable 
emulsión to the extent of from 60 to 70 per cent of the powder 
added, and in hot water to the extent. of from 78 to 80 per cent of 
the powder added. 

The very marked difference in solubility of the powders from 
the two processes could be readily observed also without chemical 
analysis. When the solutions of the film-process powders were 
allowed to remain at rest in test tubes there would always gather 
a very considerable deposit of solid matter in the bottom. This was 
the case in both hot and cold water, but the deposit was very con- 
siderably more voluminous in the cold mixture than in the hot 
mixture. 

In the case of the spray-process powders no such deposit of 
solid matter could be detected, neither in the hot ñor in the cold 
mixtures. 

It is further interesting to note that the percentage of protein 
found in the filtrates from all the powders with the exception of 
the hot solution from the film-process cream powder, f ollowed very 
closely the percentage of total solids in the same filtrates. This 
suggests very obviously that the degree to which the solubility, or 
better the power of the milk powder to return to the character of 
the original milk, is impaired by the process of desiccation, is largely 
controlled by and depends on the extent to which the process of 
desiccation changes the physical properties of the protein of milk. 

Miscibility and Readíness of Solution of Milk Powders. — 
The rapidity and readiness with which milk powders go into so- 
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called solution is a factor which does not always depend on their 
actual solubility. 

Other conditions being the same, it is obvious that the finer the 
particles of the powder the more rapidly will it dissolve. This fact 
is based on the well-known physical law that the smaller a body the 
larger is its surface in proportion to its cubic contents. The sur- 
faces of two spheres are to each other as the squares of their diame- 
ters and the cubic contents of two spheres are to each other as the 
cubes of their diameters. This is clearly demonstrated in the fol- 
lowing example: 

One sphere has a diameter of 2 inches and the other sphere has 
a diameter of 4 inches. The surfaces and the cubic contents of 
these spheres are as f ollows : 




T\g» 108. 

Sphere with Sphere with 

2-inch dia. 4-inch dia. 

Surfaces = 2x2 = 4 4X4= 16 

Cubic contents =2X2X2 = 8 4x4X4 = 64 

The surface of the sphere with the 4-inch diameter is four 
times as large as the surface of the sphere with the 2-inch diameter. 
But the cubic content of the sphere with the 4-inch diameter is 
eight times as great as the cubic content of the sphere with the 2-inch 
diameter. 

And again, the cube and circular shape of a body has a smaller 
surface than the oblong and flake shape body. 

The greater the área or surface of a body with a given cubic 
content, the more surface is exposed to the solvent and the more 
rapidly will it dissolve. Therefore, the finer and more flaky the 
particles of milk powder, the more readily and more rapidly will 
they dissolve. 

The spray-process powders usually are finer and more flaky 
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than the film-process powders, henee the f ormer should go in Solu- 
tion more rapidly than the latter. 

The above facts concerning the relation of fineness and flakiness 
of milk powder to ease and speed of solution prevail to a certain 
point. When that point is exceeded mechanícal handicaps enter 
into the results that tend to retard solution, at least in the beginning. 
In the case of excessively fine and flaky milk powders, the exposed 
surf aces are so great and the particles so small that when the powder 
is placed into water, the rapid solution of the powder that comes 
into immediate contact with the water causes the powder to run 
together and paste, forming a pasty coating around the remainder 
of the powder. This coating hinders and retards the penetration of 
the powder by the water and thereby renders complete solution 
slower, at least at the start. 

This difficulty is generally not experienced with the film-process 
powders, which are of a granular nature. It can be largely avoided 
in the case of the spray-process powders by so adjusting the orífice 
of the spray nozzles and the pressure of the milk, as to increase the 
coarseness of the spray. The coarser the spray the less flaky and 
the more granular the powder. High pressure and small orífice in 
spray nozzles produce a very fine spray and a flaky powder. Low 
pf essure and large orífice in spray nozzles produce a less fine spray 
and a more granular powder. 

The concentration of the milk at the time of spraying also in- 
fluences the coarseness or fineness of the spray to a considerable 
extent. Other conditions being the same, the higher the concentra- 
tion of the milk at the time of spraying the coarser the spray and 
the less flaky and the more granular the resulting milk powder. 
When the milk is spray ed be f ore previously condensing it, a finer 
and flakier powder is produced than when the milk is first con- 
densed at the ratio of about 4:1, and the condensed milk is sprayed, 
always assuming, however, that other conditions, such as orífice of 
spray nozzle and pressure of milk be the same. It is possible, even 
by spraying the fluid, uncondensed milk, to produce a powder that 
is distinctly granular, by the proper adjustment of the above factors. 

The miscibility of the dried milk with water depends, aside 
f rom its solubility, readiness of solution and character of the protein, 
on the physical condition of its butter fat. If the process employed 
is such as to destroy the globular form of the fat globules, it is 
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impossible to reduce the dried milk to a homogeneous fluid, similar 
to normal f resh milk. The fat in such milk will rise to the surface 
quickly, similar to the fát in a mixture of oil and water. 

Keeping Quality of Milk Powders. 

Moisture Content. — One of the fundamental reasons for 
which milk is reduced to a dry powder lies in the efforts of the 
manufacturer to preserve it. 

Bacteria and other micro-organisms require moisture to grow, 
thrive and accomplish their work of decomposing the substances in 
which and on which they live. In the absence of moisture bacterial 
action ceases. 

In properly desiccated milk powders, such as are now manu- 
factured and placed upon the market, the percentage of moisture 
has been reduced to a point that precludes the possibility of bac- 
terial decomposition. If these desiccated milk powders are packed 
and stored in such a manner as to protect them against dampness, 
they may reasonably be expected to keep indefinitely insofar as 
their keeping quality depends on freedom from bacterial action. 
Milk powders with excessive moisture content and milk powders 
that are exposed to dampness, on the other hand, are prone to be- 
come lumpy, moldy and to develop diverse undesirable flavors. 

Air, Light and Heat ; Relation to Stale Flavor, Tallowy and 
Rancid Flavor. — In spite of the fact that the low moisture con- 
tent renders milk powders practically immune to bacterial action, 
they aré subject to deterioration with age when certain other con- 
ditions, such as air, light and heat are favorable, or when metáis and 
metalHc salts are present, or both, and experience has amply dem- 
onstrated that practically all milk powders made from the usual 
quaHty of milk under the present methods of manufacture and 
packing, and usual conditions incident to storage, develop a dis- 
agreeable stale flavor, which often degenerates into a tallowy or so- 
called rancid flavor with age. 

Exact data showing the fundamental changes which these pow- 
ders undergo are not available, but the findings of ,Rogers, Hunziker 
and others,^ as the result of extensive experimental studies of the 
keeping quality of butter strongly suggest, that these changes are 
of chemical rather than of biological nature and that oxidation of 

1 Hunziker. The Butter Industry, 1920. 
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one or more of the constituents of these products plays an important 
role. Success in the manufacture of milk powders of superior 
keeping quality, therefore, demands also the protection of the prod- 
uct against agencies that invite oxidation. ^ 

Exclusión of Air. — The oxidizing power of air is well known. 
Milk powder exposed to atmospheric air will not keep. It soon de- 
velops a stale flavor, and if it contains a considerable percentage of 
butterfat it becomes tallowy. 

For this reason milk powder should be, and usually is, packed 
in such a manner as to exelude the outside air as much as possible. 
The powder packed in bulk is sealed in barréis lined with heavy 
paper. Smaller packages consist of tin cans, or fibre cans with tin 
ends and friction caps. 

Unfortunately the body of the milk powder itself is not en- 
tirely free from air, so that unless packed under vacuum there al- 
ways is some air in the package. While protection against free ex- 
posure to outside air, by proper packing, greatly minimizes the de- 
teriorating action, and does distinctly enhance the keeping quality 
of the powder, the air present in the sealed package is sufficient to 
cause slow deterioration when other conditions, such as heat or 
metallic salts, or both, are present. The packing of milk powder in 
vacuo would undoubtedly assist in preserving the milk powder. 

Exclusión of Light. — -The rays of light intensify the oxidiz- 
ing action of the air. It is, therefore, important that milk powder 
be kept in the dark. This is automatically accomplished by sealing 
it in the usual commercial packages. If the powder must be held 
in the factory for a considerable number of hours before packing, 
it should be kept in covered containers. Remnant barréis, or other 
broken packages in the home or in industrial establishments using 
milk powder should be kept tightly covered. 

Effect of Heat. — Heat, similar as light, intensifies the 
oxidizing action of air and of other oxidizers and catalizers. Milk 
powder kept at relatively high temperatures becomes stale and de- 
velops other defects quicker than milk powder kept in the cold. 

Metals and Metallic Salts. — Certain metáis and their alloys 

1 The sensitiveness of most of the spray process milk powders toward 
oxidizing agents is augmented by the fact the atomizing process under high 
pressure causes a subdivisión of the fat globules, depriving the fat of at 
least a portion of the protective gelatinous layer which surrounds each orig- 
inal fat globule, thereby exposing the fat more directly to the destructivo 
oxidizing agents. 
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and salts are most active oxidizers. This is especially the case of 
copper and its alloys, such as brass and Germán silver ; also the salts 
of copper. Iron, while not inert from the standpoint of oridation, 
is much less active and its salts exert but a slight oxidizing action. 
Tin and nickel have no oxidizing action. 

On the basis of these facts it is not improbable, that the 
holding, heating and condensing of milk in copper containers, 
and the use of copper drums in film-drying and of brass nozzles 
in spray-drying, are factors contributory to the deterioration of 
the resulting milk powders. 

Continuous, or flash heaters through Av^hich the milk passes 
rapidly and to the metal snrfaces of which it is exposed for a 
very short time only, are a negligible factor in this respect. 
Even if these surfaces are of untinned copper, there is but very 
remote danger of damage to the product. 

But not so with containers in which the milk is held for 

« 

hours, or in which it is condensed prior to desiccation. Here 
the time and conditions of exposure are sufficient to invite 
chemical action of the acid and lactose of the milk on the copper 
surface of the container. If the holding tanks are of copper, 
they should be heavily tinned ; or in their place glass enameled 
tanks should be used. 

The copper vacuum pan is another menace to keeping 
quality. Salt's of copper are especially likely to form on the 
inner surface of the dome which is exposed to the spray and to 
the volatile acids of the boiling milk. After each day's work 
the dome, as well as all the other parts of the interior of the 
pan, should be scrupulously cleaned to prevent any accumulation 
of copper salts, which would otherwise become a part of the 
next batch and of the milk powder made therefrom. 

In the manufacture of whole milk powder, particularly, due 
to the action of the copper of the vacuum pan on the butterfat. 
the tendency to cause damage to the finished product, is great. 
It is advisable to skim the whole milk, condense the skim milk 
only and add the cream after condensing, in order to minimize 
this danger. 

Sandblasted iron pipes are preferable to so called sanitary 
pipes, unless the inside copper surface of the sanitary pipes is 
properly tinned and the tin coating is reasonably permanent. 
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To what extent the brass nazzles jeopardize the keepin.e: 
quality of the powder is difficult to say. But it is well known 
that they suíFer considerable wear as the resiilt of the spraying, 
and this means that the atoniized spray carries off partióles of 
brass wliich later become a part of the finished powder. 

The metal drums used in the film-drying process are gen- 
erally constructed of metal other than copper. Many are of 
highly poHshed steel and some are nickel plated. The desiccat- 
ing equipment used in this process is therefore not exposing the 
product to copper and copper salts, thereby largely avoiding the 
possibility of injuring the keeping quality of the resulting milk 
powder through this channel. 

Insects in Milk Pov/der. — Milk powder may, and under cer- 
tain conditions does, become infested with insect life, such as 
maggots, weevil, etc. This infection may take place in the fac- 
tory itself, but more often it is the result of contamination after it 
leaves the factory. 

Such contamination is generally due to a faulty package. 
Whenever the seal is broken the danger of insect invasión is 
very great. Manufacturers have found also that packages sent 
to the tropics are especially prone to succumb to this nuisance, 
the prevention of which necessitated the packing of the powder 
destined for the tropics, in hermetically sealed cans. 

Lumpy Milk Powder. — As previously stated, milk powder 
exposed to dampness invariably becomes lumpy, and even when 
exposed to atmospheric air of normal humidity it will gradually 
form lumps, owing to the highly hygroscopic properties of the 
milk powder. In order to prevent lumpinéss, the powder must 
be stored in a dry place and packed in a manner to protect it 
against direct contact with atmospheric air. 

At best milk powtíer has an inherent tendency to "lump up." 
This is especially true of flaky powders. The more granular 
pow^ders yield less readily to this defect. 

In order to minimize the tendency toward lumpinéss, the 
milk powder should be allowed to cool, after desiccation and 
before sifting and packing. If sifted and packed while still 
warm, the soft condition of the fat causes the particles to lump 
together after sifting. If sifted and packed after the milk powder 
has surrendered its heat, the fat has had an opportunity to 
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solidify and barden and after sifting the partióles remain sepárate 
and granular and do not so readily stick together in the form 
of lumps. 

COST OF MANUFACTURE. 

The approximate cost of manufacture of whole milk powder 
and skim milk powder is indicated below: 

Cost of Whole Milk Powder. 

100 Ibs. whole milk $3.350 

Barréis and liners per 100 Ibs. milk 100 

Labor per 100 Ibs. milk 193 

Fuel (condensing and drying) per 100 Ibs. milk. . .089 

Overhead per 100 Ibs. milk .074 

Interest, insurance, etc., per 100 Ibs. milk 050 

Total cost per 100 Ibs. milk $3.856 

Total cost per pound of whole milk powder, 
calculated on basis of 12.5 pounds of powder 
made from 100 pounds of whole milk, when 
price of whole milk is $3.35 $0.3085 

Cost of Skim Milk Powder. 

100 Ibs. skim milk $1.13 

Barréis and liners 068 

Fuel (condensing and drying) per 100 Ibs. skim 

milk 089 

Labor per 100 Ibs. skim milk 193 

Overhead per 100 Ibs. skim milk 074 

Interest, insurance, etc., per 100 Ibs. skim milk.. .040 

Total cost per 100 Ibs. skim milk $1.594 

Total cost per pound of skim milk powder, 
calculated on basis of 8.5 pounds powder made 
from 100 pounds skim milk, when price of skim 
milk is $1.13 $0.1875 

MARKETS. 

The uses of milk powder are very diversified. Whole milk 
powder is widely advertised for infant food and for general family 
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use. Considerable quantities are used by market milk dealers for 
"reconstituting" milk for market milk purposes, especially at times 
of shortage of the fluid milk supply. Large quantities of whole milk 
powder are absorbed also by chocolate factories in the manufacture 
of milk chocolate, the butterfat being one of the essential com- 
ponents on which the milk chocolate depends for its superior 
smoothness and flavor. 

Skim milk powder is used in the consumeras kitchen, in baker- 
ies and confectioners' estaWishments, in the manufacture of ice 
cream, fermented milk beverages, and starters used for cream ripen- 
ing where milk and skim milk are not available ; in the preparation 
of baking powders, of puré cultures of lactic acid bacteria, of drugs, 
choice toilet soaps, etc. In European countries the chocolate fac- 
tories purchase vast quantities of skim milk powder in the manu- 
facture of milk chocolate and allied products, and manufacturers of 
diverse prepared food products, such as cereals, soups, noodles, and 
vegetables, furnish additional markets for this valuable dairy 
product. 

Chapter XXVIII. 

DRIED BÜTTERMILK AND DRIED WHEY. 

These by-products of the creamery and cheese factory can be 
reduced to a powder in a similar way and by the same processes 
and machinery as are used in the manufacture of dried milk and 
dried skim milk. 

Dried buttermilk makes a splendid chicken feed, both for egg 
production and for fattening chickens, and it is used also to make 
up a part of the ration for feeding hogs and young stock. It is best 
diluted to about the original buttermilk (one part powder in ten 
parts water) and mixed with the grain feed into a mush. 

Like fresh buttermilk, so is dried buttermilk a wholesome, nu- 
tritious and easily digested food and recommends itself especially to 
persons with weak digestión. When properly made, buttermilk 
powder keeps indefinitely and may, therefore, be available for im- 
mediate use at all times. 

The following analyses show the composition of buttermilk 
powder and of the fresh buttermilk f rom which it was made : 
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Composition of Buttermilk Powder. 

Fresh buttermilk Buttermilk powder 

Butterfat 1.17 per cent 11.70 per cent 

Proteids 3.00 per cent 36.24 per cent 

Lactose 2.97 per cent 35.50 per cent 

Ash .85 per cent 8.25 per cent 

Acidity .60 per cent 6.00 per cent 

Water 91.63 per cent 4.32 per cent 

Total 100.22 per cent 102.01 per cent 

^ The buttermilk of which the composition is shown in the above 
table was made at the plant of the Buííalo Foundry and Machine 
Company, Buffalo, N. Y., under the supervisión of the writer. The 
machine used was of the Buflovak type. The buttermilk was fur- 
nished by Schlosser Bros., of Frankfort, Indiana. This batch of 
buttermilk happened to be abnormally high ih butterfat; therefore 
the large butterfat content of the finished product. About thirty 
pounds of steam pressure were used in the drying drum, the tem- 
perature in the vacuum chamber was 125 degrees F. and the vacuum 
twenty-five to twenty-six inches of the mercury column. 

This buttermilk powder had a nice, clean, acid taste, it was 
much relished by all who sampled it and, when fed to chickens for 
fattening, produced satisfactory gains in weight. 

The annual production of buttermilk in the Uniteid States was 
4,341,157 pounds in 1918 and 5,278,827 pounds in 1919. 

The chief obstacle to extensive production of buttermilk pow- 
der lies in the fact that the manufacturing cost involved in reducing 
buttermilk to dryness is very high in proportion to the market valué 
of the finished product, when used for hog and chicken feeding. 

Buttermilk powder can be manufactured by any of the processes 
described under the manufacture of milk powder. However the 
spray process is not as well suited for the desiccation of buttermilk 
as is the film, or roUer process. 

In the spray process there is a considerable tendency for the 
milk to clog the spray nozzles. Again, the cost of manufacture by 
the spray process is greater thán that by the film process. As 
stated under the manufacture of milk powder, heat in the form of 


1 Hunziker, Indiana Agricultural Experiment Station, Twenty-sixth An- 
nual Report, 1913. 
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heated air, is not as economically and as efficiently utilized as heat 
in the form of steam applied in steamed-heated metal drums. 

While, as previously shown, the spray-drying process is the only 
process of desiccating milk, that preserves the original solubility of 
the milk, this advantage is lost in the case of buttermilk. The acid 
in the buttermilk has changed the casein from its fine emulsión, 
such as it represents in normal milk, to a condition which renders 
the partióles of casein, or curd, incapable of permanently remulsi- 
fying. The curd in commercial buttermilk does not stay in emul- 
sión, but settles to the bottom. Henee nothing is gained by drying 
the buttermilk by the more expensive process of spray-drying. The 
film process, which is the more economical, is therefore better 
adapted for the manufacture of buttermilk powder than the spray- 
drying process. 

It is advisable to precondense the buttermilk, before desiccat- 
ing, at the ratio of about 2:1. 

One gallón of buttermilk yields about .72 pounds of buttermilk 
powder, or the manufacture of one pound of powder requires 
about 1.39 gallons of buttermilk. The cost of manufacture is esti- 
mated at about 2 cents per pound of buttermilk powder or about 
1.44 cents per gallón of buttermilk. 

Whey powder is manufactured in a similar manner. Its chief 
valué lies in its usefulness in the diet of infants and invalids, with 
whom the consumption of casein produces digestive disturbances. 
Since f resh whey is often fiot obtainable, the whey powder, the good 
keeping quality of which permits of keeping it on hand, furnisliés 
an admirable substitute. When made from sour whey, it offers 
many advantages in cooking and baking and should be especially 
well suited for such dishes as pan cakes, etc. 

MALTED MILK.^ 

Definition. — The product knovvn as malted milk is that re- 
sulting from the combination of whole milk with the extract of 
malted barley and wheat flour, and the mixture is reduced to a dry 
form by desiccation in vacuo. 

History of Malted Milk Industry. — The process of the manu- 
facture of malted milk was invented by Mr. William Horlick, of 


1 Information on Definition, History and Process of Manufacture, recelved 
through the courtesy bt Horlick's Malted Milk Co., Racine, Wis., March 8, 
1918. 
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Racine, Wis., in the year of 1883. The product was first placed on 
the market under the ñame of "Malted Milk," gíven it by its in- 
ventor, in 1887. 

Prior to the advent of Horlick's malted milk Mr. Horlick was 
making "Horlick's Food." It was through suggestions oí members 
of the medical profession, who complained that it was almost im- 
possible to obtain first class, puré, clean, wholesome, whole milk, that 
Mr, Horlick took up the idea of malted milk, In consultation with 
Dr. R, C. Hindley, then Professor of Chemistry at the Racíne Col- 
íege, who later became Chief Chemist and Superintendent for Mr. 
Horlick, the manufacture of malted milk was subjected to consider- 
able experimenting by its inventor before the product reached the 
market in its perfected form. 

The convenience, nutri- 
tive valué and digestibility 
of this product recommended 
themsclves to and were ap- 
precia te d by the medical 
profession, and its relishing 
properties appealed to the 
public. The industry grew 
rapidly and is today assum- 
ing large proportions. 

Manufacture of Malted 
Milk. — A mash is prepared 
by mixing wheat flour with 
barley malt of good diastatic 
quality. This mash is raised 
to the proper temperature 
for a sufRíient length of time 
I to insure the complete con- 
versión of the insoluble 
starch into the soluble malt 
sugars dextrin and maltose. 
This conversión is closely 
akin to starch digestión in 
the human system, hepce the 
resulting liquid is essentially a predigested product, claimed to 
be of much valué as a special food for infants and invalids. 


rlf . 109. Taonun paa for mmlWd mlUc 
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This extract is combined with whole milk and reduced to a dry 
powder in a vacuum at such a low temperature as will thoroughly 
pasteurize the malted milk and yet preserve its digestibility. 

Keeping Quality oí Malted Milk. — Malted milk is the only 
milk powder made from whole milk that will keep indefinitely in 
any climate. Those who ha ve subjected the manufacture of malted 
milk to most intensive stüdy hold, that the keeping quality of malted 
milk is due to the fact that the fat globules are very finely divided 
and are surrounded by a coating or envelope of gluten, sugars and 
salts, which protects the fat against the deteriorating action of the 
air. 

In dried whole milk the volume of fat is too great and the pro- 
portion of other solids too limited, to cause the fat globules to be 
properly coated, the air therefore has more or less access to the fat, 
causing such changes as are prone to lead to the development of a 
tallowy flavor and rancidity. 

The use of wheat flour, while originally a survival of "The 
Horlick's Food,*' from which malted milk was developed, may also 
be responsible, in part at least, for the keeping quality of malted 
milk. Its large amount of gluten may assist in yielding an eífective 
coating for the protection of the fat globules. Experiments made 
with flour of other cereals gave results that did not warrant their 
use in the place óf wheat flour. 

Again, it has been experimentally f ound that malted milks made 
by mere mechanical mixing of the required ingredients, also become 
stale and rancid rapidly, and that the only product that has perma- 
nent keeping quality is that in the manufacture of which scientific 
use is made of the action of enzymes and other ferments, etc. 

Uses of Malted Milk. — Malted milk is a food of acknowJ- 
edged high degree of food valué and of superior digestibility. Being 
a whole milk food, it also contains the indispensable growth-promot- 
ing and curative properties contained in whole milk. 

It is placed on the market both in powder and in tablet form. 
Its high digestibility, nutritive valué and health-protective properties 
render it most valuable as a wholesome food for infants and in- 
valids, and its compactness and keeping quality facilítate its trans- 
portation to and use in all parts of the globe. Malted milk, there- 
fore, is of special merit for use in countries and territories which are 
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barred by their geographical location and climate f rom the profitable 
husbandry of the dairy cow, and where the limitations of transpor- 
tation render the availability of fluid milk difficult or impossible. 

The annual output of maited milk in the United States was 15,- 
654,243 pounds in 1918, and 17,495,887 pounds in 1919. 

Federal Standares for Milk Powder, Skim Milk Powder and 
Maited Milk.^ — The following standards of dried milk products 
were adopted by the United States Department of Agriculture 
March 16, 1917, and became effective March 31, 1917, as per Food 
Inspection Decisión 170: 

"Dried Milk is the product resulting f rom the removal of water 
from milk, and contains, all tolerances being allowed for, not less 
than twenty-six per cent (26%) of milk fat, and not more than five 
per cent (5%) of moisture. 

Dried Skimmed Milk is the product resulting from the re- 
moval of water from skimmed milk and contains, all tolerances being 
allowed for, not more than five per cent (5%) of moisture. 

Malted Milk is the product made by combining whole milk 
with the liquid separated from a mash of ground barley malt and 
wheat flour, with or without the addition of sodium chlorid, sodium 
bicarbonate and potassium bicarbonate in such a manner as to secure 
the full enzymic action of thé malt extract, and by removing water. 
The resulting product contains not less than seven and one-half per 
cent (7.5%) of butter fat and not more than three and one-half per 
cent (3.5%) of moisture." 

Dick Process.2 — g ^ T>ick invented and patented a spray- 
drying apparatus for milk, U. S. patent No. 1,298,470, 1919, 
similar to the McLachlan patent No. 806,747. In the Dick dryer 
the milk enters by gravity and is sprayed and distributed by a 
revolving disc arrangement. Part of the heated air enters at 
the top and part at the bottom of the desiccating chamber.. The 
air entering at the bottom is hotter than that entering at the top. 

^ United States Department of Agrriculture, Food Inspection Decisión 170, 
March 31, 1917. 

3 This process carne to the author's attention too late for detailed dis- 
cussion in this volume. 


PART VII. 

STANDARDIZATION, TESTS AND ANALYSES 
OF MILK, CONDENSED MILK AND 

MILK POWDER 

Chaptrr XXIX. 

STANDARDIZATION. 

Prior to the enactment of the Federal Food and Drugs Act, 
which became eífective January 1, 1907, the milk condensing 
faetones made no special effort to place on the market a product 
of any definite and specific composition. The milk was con- 
densed, either as whole milk, no matter what the original com- 
position of the fluid milk was, wíthout modification, or it was 
partly skimmed or wholly skimmed, before condensing. If any 
effort towards modification of the composition was made, such 
effort was practically wholly confined to the regulation of the 
fat content of the finished product and even in such cases wide 
fluctuations were quite frequent. 

With the enforcement of the Federal Food and Drugs Act, / 
, the milk condenseries found themselves called upon to manu- ; 
I facture a product that would comply with the Federal standards I 
' established and which prescribed the mínimum per cent of fat \ 
and milk solids permissible in condensed milk. 

It became necessary therefore to guard against the produc- 
tion of condensed milk, the per cent fat and milk solids of which 
fell below the specified standard. And later, with the rapid 
development of the condensed milk industry, competition 
gradually compelled the individual concerns to not only avoid 
the manufacture of an illegal product by causing its valuable 
components to fall short of the percentage required by the 
standard, but to so modify the composition as to not have the 
finished product materially exceed the required standard, in 
order to keep down the cost of manufacture. Furthermore, in 
the case of bulk condensed milk, which goes to confectioners and 
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ice cream manufacturers, the buyer often specifies in his order/ 
the desired composition of the product, necessitating standardiza-/ 
tion to meet these special .demands. 

These factors and conditions inevitably led to the adoptiori 
of the practice of carefully standardizing condensed milk for fat 
and milk solids. The details of methods used for standardizing 
vary considerably with different manufacturers. The principie 
upon which standardization is based, however, is obviously very 
much the same under all conditions, and variations in details 
affect the results largely only with reference to the degree of 
accuracy. 

Some manufacturers standardize the fluid milk before con- 
densing, others prefer to standardize after evaporatit)n only, 
while still others standardize both, the fluid milk and then again 
the finished product just prior to canning. Each of the three 
methods is practical and the double method of standardizing 
before and after condensation is obviously the most exact. In 
the case of sweetened condensed milk standardization before 
condensation is preferable inasmuch as the admixture to the 
finished product of wtater, skim milk or cream is not advisable 
f rom the standpoint of keeping quality, unless these products 
have been previously properly pasteurized. In the case of 
evaporated milk, which is much thinner, more miscible and which 
is subsequently sterilized, these objections are largely removed. 

The miaterials generally used for standardizing are skim 
milk, condensed skim milk, cream, butter and water. Water is 
used only to lower the per cent total solids, or the degree of 
concentration, and is of service only after condensation of the 
milk. 

The calculations employed for standardization are identical 
for all forms of condensed milk and milk powder, both sweetened 
and unsweetened. The addition of cañe sugar to the fluid milk 
does not alter the ratio of fat to milk solids, since the added 
sugar merely displaces a portion of the water in the finished 
product* 

The per cent total solids in the condensed milk is controlled 
primarily by the degree of concentration as determined by the 
Beaumé hydrometer or by gravimfetric analysis and it may be 
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further modified by the addition of water to the finished product 
in case condensation has passed beyond the desired point. 

. Aside from this, the fundamental eífort of standardization 

« 

is confined to securing the desired proportion of butter fat to 
milk solids not fat. When this is accomplished all that is neces- 
sary to insure the required composition is to subject the product 
to the necessary degree of concentration. 

Standardizing the Fluid Milk. — In order to properly stand- 
ardize the fluid milk it is necessary to know the required per 
cent fat and solids not fat in the finished product and the per cent 
fat and solids not fat in the milk to be standardized and then 
to calcúlate the proportion of fat and solids not fat needed in 
the fluid milk. This calculation is most conveniently made by 
allegation. This then shows the amount of fat or solids not 
fat, as the case may be, that must be added to secure the desired 
proportion of these ingredients and from this the amount of 
cream, or butter, or skim milk that must be used for standard- 
izing can be readily determined. 

Example 1. 

The standard for evaporated milk is 7.8 per cent fat and 
25.5 per cent total solids, or (25.5 — 7.8) = 17.7 per cent solids 
not fat. 

Amount fluid milk in batch, 7,000 pounds. 

Fat in fluid milk, 3.3 per cent. 

Solids not fat in milk, 9.0 per cent. 

Fat wanted in evaporated milk, 7.8 per cent. 

SoHds not fat wanted in evaporated milk, 17.7 per cent. 

What per cent fat should fluid milk contain? 

How much cream, testing 25 per cent fat, must be added? 

Answer: s. n. f. in c. m. : s. n. f. in r. m. = f, in c. m. : X í 

= X % f- required in r. m. 

s. n. f. = solids not fat. 
f. = fat. 

c. m. = condensed milk. 
r. m. = raw or fluid milk. 

17.7 : 9. = 7.8 : X ; X = 3.966% fat. 

The raw milk must contain 3.966% fat. 
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How much 25% cream is required to raise the per cent fat 
in the 7,000 poundsof milk testing 3.3% fat to 3.966%? 

3.3 I- n 21.04 


25. 



.66 


21.70 


Enough 25% cream must be added to the raw milk so that 
each 21.7 pounds of standardized milk contains .66 pounds of 
added cream and 21.04 pounds of the original milk. Henee 
21.7 : ,66 = 7000 : X ; X = 213. Ibs. of cream. 

Total batch, 7000 pounds. 
25% cream, 213 pounds. 

3.3% milk, 6787 pounds. 

Example 2. 

Amount of fluid milk in batch, 7,000 pounds. 
Fat in fluid milk, 4.5 per cent. 
Solids not fat in fluid milk, 8.5 per cent. 
Fat w'anted in evaporated milk, 7.8 per cent. 
Solids not fat wanted in evaporated milk, 17.7 per cent. 
How much fat should fluid milk contain? How much skim 
milk must be added? 

Answer : 17.7 : 8.5 = 7.8 = X ; X = 3.75%. The fluid milk 
must contain 3.75%' fat. 

How much skim milk must be added to lower the per cent 
fat in the fluid milk to 3.75%o ? 


4.5 


.0 



3.75 


.75 
4^50 


Enough skim milk must be added to the fluid milk so that 
each 4.5 pounds of standardized milk contains .75 pounds of 
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added skim milk and 3.75 pounds of original milk. Henee 
4.50 : .75 = 7000 : X ; X = 1167 pounds of skim milk. 

Total batch, 7000 pounds. 
Skim milk, 1167 pounds. 

4.5%. milk, 5833 pounds. 

Standardization of Finished Product. — In a similar manner 
standardization may be accomplished after condensation. In 
this case the proportion of solids is best increased or the propor- 
tion of fat reduced by the addition of condensed skim milk in 
the place of ordinary skim milk, while the proportion of fat is 
increased by the addition of cream as explained under Stand- 
ardization of Fluid Milk. 

If it is desired to low^er the total solids in the finished 

» 

product, without aííecting the proportion of solids not fat to 
fat, the necessary amount of water required is determined as 
follows : 

Example 3. 

Evaporated milk in batch, 3000 pounds. 
Total solids in evaporated milk, 27.%. 
Total solids desired, 25.5%. 
How much water must be added? 
Answer : 


27. 


0. 



25.5 


1.5 


To each 25.5 pounds evaporated milk must be added 1.5 
pounds water. Henee 25.5 : 1.5 = 3000 : X ; X = 176.5 pounds 
of water. 

Original batch evaporated milk, 3000 pounds. 
Water added, 176.5 pounds. 

Standardized evaporated milk, 3176.5 pounds. 

The results of standardization in which cream is used to 
alter the proportion of fat to solids not fat, are not absolutely 
mathematically accurate, because of the fact that the per cent 
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of solids not fat in the cream is somewhat lower than in milk. 
This causes a slight shortage of solids not fat in the standard- 
ized product. This error is so slight, however, that it may be 
considered within the limits of the experimiental error and for 
all practical purposes this method of standardization may be 
accepted as reliable and accurate. 

Standardization of Sugar (Sucrose) in Sweetened Condensed 
Milk. — This is most readily accomplished by standardizing 
the proportion of sugar to the per cent total solids in the fresh 
milk. 

If it is desired to secure a sweetened condensed milk, the milk 
solids of which merely comply with the Federal standard of 28 per 
cent, it is desirable and necessary, from the standpoint of keeping 
quality, to add enough sugar (sucrose) so as to have the finished 
product contain at least 44 per cent sucrose. 

Example 4. 

Amount oí fluid milk in batch, 15,000 pounds. 

Fluid milk contains 12 per cent total solids. 

How much sugar must be added in order to insure the sweet- 
ened condensed milk to contain 44 per cent sucrose, when the milk 
has been condensed sufficiently to contain 28 per cent milk solids ? 

Answer : 28 : 44 = 12 : X : X = 18.87. 

To every 100 pounds of fluid must be added 18.87 pounds 
sucrose. 

To 15,000 pounds fluid milk must be added 

18.87 X 15,000 ^Q.^ . , 
= 2830.5 pounds sucrose. 

100 ^ 

If it is desired to produce a sweetened condensed of heavy 
body and contain-ing a high per cent of milk solids, as for instance, 
32 per cent milk solids, the per cent sugar contained in the finished 
product may be considerably reduced. Such sweetened condensed 
milk may contain, say 40 per cent sucrose. 

Example 5. 

Amount of fluid milk in batch is 15,000 pounds. 

Fluid milk contains 12 per cent total solids. 

How much sugar must be added to insure the sweetened con- 
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densed milk to contain 40 per cent sucrose when the milk has been 
condensad sufficiently to contain 32 per cent milk solids? 

Answer : 32 : 40 = 12 : X : X = 15. 

To every 100 pounds of fluid milk must be added 15 pounds 
of sugar. 

To 15,000 pounds fluid milk must be added 

15 X 15,000 ^^cn A f 
z= 2250 pounds of sucrose. 

100 ^ 

Chapter XXX. 

CHEMICAL TESTS AND ANALYSES OF MILK, SWEET- 
ENED CONDENSED MILK, EVAPORATED MILK 

AND MILK POWDERS. 

In assembling these methods of analyses, preference has 
been given the "Official and Provisional Methods of Analysis,'' 
published by the American Association of Oñicial Agricultural 
Chemists.^ The official methods have been modified and supple- 
mented by other methods in numerous cases wherever, in the 
judgment of the wtiter and others, such modifications and sub- 
stitutions are better adapted for analysis of these special prod- 
ucís. A special eflFort has further been made to include in this 
chapter modifications and abbreviations of tests and analyses, 
adapted for the use of the factory operator, whose knowledge, 
skill, facilities and time are too limited to enable him to success- 
fully follow the directions of the official methods, or to execute 
delicate and difficult chemical analyses. 

For practical factory tests of fresh milk on the receiving 
platform, determining its fitness for condensing, the reader is 
referred to Chapter III, "Inspection of Milk at the Condensery." 

MILK. 
Specifíc Gravity. 

Aerometric Method by Means of the Quevenne Lactometer. 

— Use an accurate Quevenne lactometer with thermometer at- 
tachment and a lactometer cylinder about ten inches high and 

^ United States Department of Agriculture, Burean of Chemistry, BuUetin 
No. 107, 1912. Also Journal of the Assn. of Official Agr. Chemists, VoL II, 
No. 3. Nov. 15, 1916. 
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one and one-half inches wide. Fill the cylinder with milk at a 
temperature between 55 and 65 degrees F. Insert the lactometer 
and when it has found its equilibrium, note the point on the scale 
at the surface of the milk. The correct temperature is 60 degrees 
F. For every degree Fahrenheit above 60 add one-tenth point 
to the observed reading, and for every degree Fahrenheit below 
60 deduct one-tenth point from the observed reading. This rule 
holds good only when the range of temperature is within the 
limits of 55 degrees and 65 degrees F. 

The specific gravity is calculated by adding 1,000 to the 
lactometer reading and dividing the sum by 1,000. Example: 
Lactometer reading is 31 at 65 degrees F. Corrected reading is 
31.5; . . 

specific gravity is ^(YY\ ~ 1.0315. 

Gravimetric Detemiination. — This consists of the filling of 
a perfectly dry picnometer or other graduated flask of known meas- 
ure with milk at the standard temperature (60 degrees F., or 15.5 
degrees C.) and weighing the flask and contents. The weight of 
the flask is then deducted from the weight of the flask plus con- 
tents and the difference is divided by the weight of an equal volume 
of water at standard temperature. The result is the specific gravity 
of the milk. 

The Westphal balance method f urnishes another accurate means 
of determining the specific gravity. Both the gravimetric method 
and the Westphal balance method, while accurate when operated 
by the skillful chemist, require considerable time. Experimental 
comparisons have demonstrated that for all practical purposes the 
Quevenne hydrometer, when accurately graduated, yields correct 
results, and the simplicity and rapidity of its operation render its 
use ¡n the determination of the specific gravity of milk highly ad- 
vantageous and satisfactory. 

Total Solids. 

By Means of the Babcock Formula. — For rapid and reason- 
ably accurate work the total solids of milk may be determined by 
the use of the Babcock formula, which is as f ollows : 

Total solids =-^+ 1.2 X f. 
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L = Quevenne lactometer reading. 
f = per cent of fat. 
Example : Lactometer reading is 32 ; per cent fat is 4. 

Total solids i= -^+ 1.2 X 4 =: 12.8 per cent. 

Gravimetric Method. — '*Heat from three to five grams of 
milk at the temperature of boiling water until it ceases to lose 
weight, usihg a tared flat dish of not less than 5 ce. diameter. If 
desired, from fifteen to twenty grams of puré, dry sand may be 
previously placed in the dish. Cool in a desiccator and weigh rapid- 
ly to avoid absorption of hygroscopic moisture." 

Ash. 

"Weigh about twenty grams of milk in a weighed dish, add 
6 ce. of nitric acid, evapórate to dryness and ignite at a tempera- 
ture just below redness until the ash is free from carbón." 

Total Nitrogen. 

Place about five grams of milk in a Kjeldahl digestión flask 
and proceed, without evaporation, as described under "Gunning 
Method*' for the determination of nitrogen. Multiply the percent- 
age of nitrogen by 6.38 to obtain nitrogen compounds. 

Gunning. Method. 
Apparatus. 

(a) Kjeldahl flasks for both digestión and distillation. — 
These are flasks having a total capacity of about 550 ce, made of 
hard, moderately thick and well-annealed glass. When used for 
distillation the flasks are fitted with rubber stoppers and bulb tubes, 
as given under distillation flasks. 

(b) Kjeldahl digestión flasks. — These are pear-shape, round- 
bottomed flasks, made of hard, moderately thick, well-annealed 
glass, having a total capacity of about 250 ce They are 22 cm. 
long and have a máximum diameter of 6 cm., tapering gradually to 
a iong neck, which is 2 cm. in -diameter at the narrowest part and' 
flared a little at the edge. 

(c) Distillation flasks. — For distillation a flask of ordinary 
shape, of about 550 ce capacity may be used. It is fitted with a 
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rubber stopper and with a bulb tube above to prevent the possibility 
of sodium hydrate being carried over mechanically during dístilla- 
tion. The bulbs may be about 3 c.m. in diameter, the tubes being 
of the same diameter as the condenser and cut off obliquely at the 
lower end, which is fastened to the condenser by a rubber tube." 

Preparation of Reagents. 

**(a) Potassium sulphate. — This reagent should be pulver- 
ized before using. 

(b) Sulphuric acid. — The sulphuric acid should have a 
specific gravity of 1.84. It should be C. P., containing no nitrates 
ñor ammonium sulphate. 

"(c) Sulphuric acid. — N-10 solution. 

(d) Standard alkali solution. — The strength of this solution 
relative to the acid must be accurately determined, N-10 solution. 

(e) Metallic mercury or mercuric oxid. — If mercurio oxid is 
used it should be prepared in the wet way, but not from mercuric 
nitrate. 

(f) Granulated zinc or pumice stone. — One of these reagents 
is added to the contents of the distillation flasks, when found nec- 
essary, in order to prevent bumping. 

(g) Potassium sulphid solution. — A solutron of forty grams 
of commercial potassium .sulphid in one liter of water. 

(h) Sodium hydroxid solution. — A saturated solution of so- 
dium hydroxid free from nitrates. 

(i) Indicator. — A solution of cochineal is prepared by digest- 
ing and frequently agitating three grams of pulverized cochineal in 
a mixture of 50 ce. of strong alcohol and 200 ce. of distilled water 
for a day or two at ordinary temperatures. The filtered solution is 
employed as indicator." 

Determihation. 

Place the substance to be analyzed in a digestión flask, employ- 
ing from 0.7 to 3.5 grams, according to its proportion of nitrogen. 
Add 10 grams of powdered potassium sulphate and from 15 to 25 
ce (ordinarily about 20 ce) of sulphuric acid. Conduct the di- 
gestión by starting with a temperature below boiling point and 
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increasing the heat gradually until frothing ceases. Digest for a 
time after the mixture is colorless, or nearly so, or until oxidation 
is complete. Do not add either potassium permanganate or 
potassium sulphid. Dilute, neutralize, distil and titrate with stand- 
ard alkali. In neutralizing, it is convenient to add a few drops 
of phenolphthalein indicator, by which one can tell, when the acid 
is completely neutralized, remembering that the pink color, which 
indicates an alkaline reaction, is destroyed by a considerable excess 
of strong fixed alkali. 

Casein and Albumin. 

"(a) Casein. — ^The determination should be made when the 
milk is f resh, or nearly so. When it is not practicable to make this 
determination within twenty-four hours, add one part of formal- 
dehyde to twenty-five hundred parts of milk and keep in a cool 
place. Place about 10 grams of milk in a beaker with about 90 ce. 
of water at 40 degrees to 42 degrees C, and add at once 1.5 ce. of 
a 10 per cent acetic acid solution. Stir with a glass rod ánd let 
stand f rom three to five minutes longer. Then decant or filter, wash 
two or three times with cold water by decantation and transfer pre- 
cipitate completely to filter. Wash once or twice on filter. The 
fíltrate should be clear, or nearly so. If it be not clear when it first 
runs through, it can generally be made so by two or three repeated 
filtrations, after which the washing of the precipitate can be com- 
pleted. Determine nitrogen in the washed precipitate and filter by 
the Gunning method. To calcúlate the equivalent amount of casein 
from the nitrogen multiply by 6.38. 

In working with milk which has been kept with pres^rvatives, 
the acetic acid should be added in small proportions, a few drops 
at a time, with stirring, and the addition continued until the liquid 
above the precipitate becomes clear or very nearly so. 

(b) Albumin. — Exactly neutralize with caustic alkali the fíl- 
trate obtained in the preceding operation (a), add 0.3 ce of a 10 
per cent solution of acetic acid and heat the liquid to the tempera- 
ture of boiling water until the albumin is completely precipitated, 
coUect the precipitate on a filter, wash and determine the nitrogen 
therein. Nitrogen multiplied by 6.38 equals albumin," or 
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To the fíltrate of the casein determination add 0.3 c.c. of 10 per 
cent acetic acid, boil until the albumin is completely precipitated and 
proceed as directed in previous paragraph. 

In the place of the abo ve methods the per cent of albumin may 
be determined by subtracting the per cent of casein from the per 
cent of total nitrogen. 

Milk Sugar (Lactose). 

Optical Method. 

Preparatíon of Reagents. 

"(a) Acid mercuric nitrate. — Dissolve mercury in double its 
weight of nitric acid, specific gravity 1.42, and dilute with an equal 
volume of water. One cubic centimeter of this reagent is sufficient 
for the quantities of milk mentioned below. Larger quantities may 
be used without affecting the results of polarization. 

(b) Mercuric iodid with acetíc acid. — Mix 33.2 grams of po- 
tassium iodid, 13.5 grams of mercuric chlorid, 20 c.c. of glacial 
acetic acid and 640 c.c. of water." 

Determine the specific gravity of the milk by means of a deli- 
cate hydrometer, or, if preferred, a pycnometer. The quantity of 
sample to be taken for the determination varíes witK the specific 
gravity and is to be measured at the same temperature at which the 
specific gravity is taken. The volume to be measured is indicated 
in the following table, which is based upon twice the normal weight 
of lactose (32.9 grams per 100 metric c.c.) for the Ventzke sugar 
scale. 

Place the quantity of milk indicated in the table in a flask 
graduated at 102.6 c.c, add 1 c.c. of the acid mercuric nitrate solu- 
tion or 30 c.c. of the* mercuric iodid solution (an excess of these re- 
agents does no harm), fill to the mark, shake, filter through a dry 
filter and polarize. It is not necessary to heat before polarizing. If 
a 200 m.m tube is used, divide the polariscope reading by 2( or, if a 
400 m.m. tube is used, by 4) to obtain the per cent of lactose in the 
sample. 
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Volume of Milk Corresponding to a Lactose Double Normal 

Weight. 


Speclfic Gravlty 
of Mllk 

Volume of Milk 

f or a Lactose 

Double Normal 

Weight Ventzke 

Scale 

Speciflc Gravity 
of Milk 

Volume of Mllk 

for a Lactose 

Double Normal 

Weight Ventzke 

Scale 


ce. 


ce. 

1.024 

64.25 

1.031 

63.80 

1.025 

64.20 

1.032 

63.75 

1.026 

64.15 

1.033 

63.70 

1.027 

64.05 

1.034 

63.65 

1.028 

64.00 



1.029 

63.95 

1.035 

63.55 

1.030 

63.90 

1.036 

63.50 


Low's Voliimetric Method Modified. 
Preparation of Reagents. 

"(a) Copper sulphate solution. — Dissolve 34.639 grams of 
CuSO^ .SHgO in water and dilute to 500 ce. 

(b) Alkaline tartrate solution. — Dissolve 173 grams of Ro- 
chelle salts and 50 grams of sodium hydroxid in water and dilute 
to 500 ce. • 

(c) Mixed solution. — Mix equal volumes of solutions (a) and 
(b) immediately before use. 

(d) Standardization of the thiosulphate solution. — Prepare a 
solution of sodium thiosulphate, dissolving 24.659 grams of puré 
erystals to 1,000 ce. Weigh 6.36 grams eopper foil. Dissolve by 
warming in minimum amount of nitrie aeid and water required. 
Boil to expel the red fumes, add 160 e.e. strong bromine water and 
boíl until the bromine is thoroughly expelled. Remove from the 
heat and add a slight excess of strong ammonium hydroxid ; 223 e.e. 
is about the right amount. Again boil until the exeess of ammoniaí 
is expelled, as shown by a ehange of eolor of the liquid, and partial 
preeipitation. Now add a slight exeess of strong aeetie aeid (100 
to 130 e.e. of 80 per eent aeid) and boil for a minute. Cool to 
room temperature and dilute to 1,000 e.e. Titrate a known amount 
(10 to 15 e.e.) of the eopper solution, to whieh 10 e.e. of a 25 per 
eent solution of puré potassium iodid has been added, with the 
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thiosulphate solution until the brown tinge has become weak, then 
add sufficient starch liquor to produce a marked blue coloration. 
Continué the titration cautiously until the color due to free iodin 
has entirely vanished. The blue color changes toward the end to 
a faint lilac. If at this point the thiosulphate be added drop by drop 
and a little time be allowed f or complete reaction af ter each addition, 
there is no difficulty in determining the end point within a single 
drop. One cubic centimeter of the thiosulphate solution will be 
found to correspond to .00636 grams of copper.'* 

Determination of Copper. 

"After washing the precipitated cuprous oxid, cover the gooch 
with a watch glass and dissolve the oxid by means of 5 c.c. of warm 
nitric acid (1 :1) poured under the watch glass with a pipette. Catch 
the fíltrate in a flask of 250 c.c. capacity, wash watch glass and 
gooch free of copper; 50 c.c. of Water will be sufficient. Boil to 
expel red fumes, add 5 c.c. of bromine water, boil off the bromine 
and proceed exactly as in standardizing the thiosulphate." 

Determination of Lactose. 

Place 50 c.c. of the mixed copper reagent in a beaker and heat 
to the boiling point. While boiling briskly add 100 c.c. of the lactose 
solution containing not more than 0.300 grams of lactose and boil 
for six minutes. Filter immediately through asbestos and wash. 
Onbtain the weight of lactose «quivalent to the weight of copper 
found f rom the f oUowing table : 
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"Tablc for the Dcterminatíon of Lactose (Soxhlet-Wcin)." 


MOtt- 

Mlllf- 

MOll- 

MlUf' 

IfflH. 

MiUf- 

MflU- 

uniu 

Mffll- 

Mim- 


crmsif 

cnuM 

crtnif 

CTsnll 

gtsm» 

fT»nu 

CUMDS 

fT»mi 

Ktmm§ 

fTmmt 


of 

of 

of 

9f 

oí 

of 

Oí 

oí 

oí 

oí 


copptf 

laetoM 

eopper 

HeCóMé 

oopper 

lactoM 

eopper 

lactoM 

copper 

lactOM 


100 

71.6 

160 

U6.4 

220 

161.0 

880 

808.8 

340 

153.7 


101 

72.4 

161 

U7.I 

222 

162.7 

«1 

too.i 

841 

296.6 


102 

78.1 

162 

117.9 

168.4 

282 

200.0 

842 

287.4 


108 

73.8 

163 

118.6 

223 

164.2 

283 

210.7 

843 

198.2 


104 

74.6 

164 

119.4 

224 

164.9 

281 

811.6 

344 

8S0.O 


105 

75.3 

166 

120.2 

225 

166.7 

286 

212.8 

346 

230.8 


106 

76.1 

ím 

120.9 

226 

166.4 

286 

213.1 

346 

280.6 


107 

76.8 

167 

121.7 

227 

167.2 

287 

813.9 

847 

261.4 


106 

77.6 

168 

122.4 

228 

167.9 

288 

214.7 

348 

262.3 


109 

78.3 

169 

123.2 

229 

168.6 

289 

216.6 

349 

263.1 


110 

79.0 

170 

123.9 

230 

169.4 

290 

216.8 

360 

238.9 


111 

79.8 

171 

124.7 

231 

170.1 

291 

217.1 

3(B2 

264.7 


112 

80.6 

172 

125.5 

232 

170.9 

292 

217.9 

886.5 


U3 

SL.S 

173 

126.2 

233 

171.6 

293 

218.7 

363 

263.8 


114 

8Z.0 

174 

127.0 

234 

172.4 

204 

219.5 

854 

267.2 


115 

8^.7 

175 

'127.8 

285 

173.1 

206 

220.8 

866 

20.0 


110 

83.5 

176 

128.5 

236 

173.9 

296 

221.1 

366 

288.8 


117 

84.2 

177 

129.3 

237 

174.6 

297 

221.0 

867 

869.8 


lis 

85.0 

178 

130.1 

^38 

175.4 

296 

222.7 

3í8 

270.4 


119 

86.7 

179 

130.8 

239 

176.2 

299 

228.6 

869 

271.2 


120 

86.4 

180 

131.6 

240 

176.9 

3Q0 

224.4 

890 

272.1 


121 

87.2 

181 

132.4 

241 

177.7 

301 

225.2 

861 

272.9 


122 

87.9 

182 

133.1 

242 

178.5 

802 

225.9 

8^ 

273.7 


128 

88.7 

183 

133.9 

243 

179.3 

308 

226.7 

863 

274.9 


124 

89.4 

184 

134.7 

244 

180.1 

304 

227.5 

864 

275.3 


125 

90.1 

185 

136.4 

245 

180.8 

306 

228.3 

366 

276.2 

• 

126 

90.9 

186 

136.2 

246 

181.6 

306 

229.1 

366 

2n.i 


127 

91.6 

187 

137.0 

247 

182.4 . 

307 

229.8 

367 

2n.9 


128 

92.4 

188 

137.7 

248 

183.2 

308 

230.6 

368 

278.8 


129 

93.1 

189 

138.5 

249 

184.0 

300 

231.4 

369 

279.6 


130 

93.8 

190 

139.3 

250 

184.8 

310 

2^.2 

370 

280.6 


131 

- 04.6 

191 

140,0 

251 

185.5 

311 

232.9 

371 

281.4 


132 

95.3 

192 

140.8 

252 

186.3 

312 

233.7 

372 

282.2 


133 

96.1 

193 

141.6 

253 

187.1 

313 

234.S 

378 

283.1 


134 

96.9 

194 

142.3 

254 

187.9 

314 

235.3 

374 

283.9 


135 

97.6 

195 

143.1 

2!^ 

188.7 

315 

296.1 

375 

284.8 


136 

96.3 

196 

143.9 

256 

189.4 

816 

236.8 

376 

285.7 


137 

99.1 

197 

144.6 

257 

190.2 

317 

237.6 

377 

286.5 


138 

99.8 

196 

145.4 

258 

191.0 

818 

238.4 

378 

287.4 


139 

100.5 

199 

146.2 

259 

191.8 

319 

239.2 

3-79 

288.2 


140 

101.3 

200 

146.9 

260 

192.5 

320 

240.0 

380 

289.1 


141 

102.0 

201 

147.7 

261 

193.3 

321 

240.7 

381 

289.0 


142 

102.a 

202 

148.5 

262 

194.1 

322 

241.6 

382 

290.8 


143 

108.6 

203 

149.2 

263 

194.9 

323 

242.3 

383 

291.7 


144 

104.3 

204 

150.0 

264 

195.7 

324 

243.1 

384 

282.5 


145 

105.1 

206 

150.7 

265 

196.4 

325 

243.9 

385 

293.4 


146 

106.8 

206 

151.5 

266 

197.2 

326 

244.6 

386 

294.2 


147 

•106.6 

207 

152.2 

267 

108.0 

327 

245.4 

387 

296.1 


148 

107.3 

208 

153.0 

268 

198.8 

328 

246.2 

388 

2^.0 


149 

106.1 

200 

153.7 

269 

199.5 

329 

247.0 

889 

296.8 


150 

106.8 

210 

154.5 

270 

200.3 

330 

247.7 

390 

297.7 


151 

109.6 

211 

155.2 

271 

201.1 

331 

248.5 

8O1 

296.5 


162 

110.3 

212 

156.0 

272 

201.9 

332 

249.2 

392 

299.4 


153 

111.1 

213 

156.7 

273 

202.7 

333 

250.0 

383 

300.3 


154 

111.9 

2U 

157.5 

274 

203.5 

334 

250.8 

394 

331.1 


156 

112.6 

215 

158.2 

275 

204.3 

335 

251.6 

393 

3Q2.0 


156 

113.4 

216 

150.0 

276 

206.1 

336 

252.6 

396 

308.8 


157 

114.1 

217 

159.7 

277 

205.9 

887 

253.3 

397 

308.7 


158 

114.9 

218 

160.4 

278 

206.7 

338 

254.1 

308 

304.6 


159 

115.6 

219 

161.2 

279 

207.5 

339 

254.9 

399 

306.4 










400 

806.8 
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Butter Fat. 
The Babcock Test. 
Standard Glassware.^ 

(a) Siandard inilk test bottles, gradiiated to 8 per cent and 
with sub-divisions of .1 per cent. 

(b) Standard pipette graduated to 17.6 ce. 

(c) Acid measure graduated to 17.5 ce, 

(d) Centrifuge-Babcock tester. 

(e) Water bath for reading at 130 to 140 degrees F. 

(f) Calipers for measuring fat column. 

(g) Sulphunc acid, speeific gravity 1.82 to 1.83. 

Determination. 
Pipette 17.6 ce of the properly mixed sample oí milk into 
the milk test bottle. Add 17.5 e.c. of acid and shake until all the 
curd is completely dissolved. 
Both milk and acid shoiild have 
a temperature of 55 to 70 de- 
grees F. If mük and acid are 
too warm. set the sample bot- 
tles and the acid jar into a 
trough or tub of water at 55 to 
70 degrees F. for thirty minutes 
before testing. The test bottles 
containing the mixture of milk 
and acid are then whirled in 
the Babcock tester for five 
minutes at about one thousand 
revolutions per minute, in the 
case of a tester with a twelve- 

inch diameter wheel. Fill the viit.iio. BaboooktMtw 

test bottles to the bottom of cou 
the neck with hot water. The 
water should be soft, preferably rain water or distÜled water, 
If hard tap water is used it should be boiled to precipitate the 
carbonates, otherwise the test may be difficult to read, owing to 
the presence of bubbles of gas on top of the fat column. Revolve 
I Hunzlker, Indiana Agrlcultursil Experiment Statlon, Clrcul&rs 41 ctnd 4S, 
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again at full speed for two minutes, fill the test bottles to near 
the top of the graduation with hot water. Whirl in the centrifuge 
for one minute. Now set the test bottles in the water bath at 
135 degrees F. for five minutes. The test is now ready to be 
read. The figures on the test bottles represent per cent. In the 
case of the 8 per cent standard milk test bottle the sub-divisions 
represent tenths per cent. Read from the bottom of the lower 
curve to the top of upper curve of the fat column, including the 
meniscus in the reading. 

Gravimetric Method — Paper Coil. 

**Make coils of thick filter paper, cut into strips 6.25 by 62.5 
c.m., and thoroughly extract with ether and alcohol, or correct 
the weight of the extract by a constant obtained for the paper. 
From a weighing bottle or weighing pipette. transfer about 5 
grams of milk to the coil, care being taken to keep the end of 
the coil held in the fingers, dry. Dry the coil, dry end down, on 
a piece of glass at the temperature of boiling water; transfer to 
an extraction apparatus and extract with absolute ether or pe- 
troleum ether boiling at about 45 degrees C. ; dry the extracted 
fat and weigh.'' 

Roese-Gottlieb Method. 

"Weigh 10-11 grams of the milk into a Rohrig tube or some 
similar apparatus, add 1.25 ce. of concentrated ammonium hy- 
droxid (2 ce. if the sample is sour) and mix thoroughly. Add 
10 ce of 95 per cent alcohol by volume and mix well. Then add 
25 ce of washed ether and shake vigorously for thirty seconds, 
then 25 ce. of petroleum ether (redistilled slowly at a tempera- 
ture below 60 degrees C.) and shake again for thirty seconds. 
Let stand twenty minutes, or until the upper liquid is practically 
clear. Draw off as miuch as possible of the ether-fat solution 
(usually 0.5-0.8 ce will be léft) into a weighed flask through a 
small quick-acting filter. The flask should always be weighed 
with a similar one as a counterpoise. Re-extract the liquid re- 
maining in the tube, this time with only 15 ce of each ether, 
shake vigorously thirty seconds with each and allow to settle. 
Draw oflF the clear solution through the small filter into the same 
flask as before and wash the tip of spigot, the funnel and the 
filter with a few ce of a mixture of the two ethers in equal parts. 
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For absolutely exact results the re-extraction must be repeated. 
This third extraction yields usually not more than about 1 mg. 
of fat (about 0.02 per cent on a 4 gram charge) if the previous 
ether-fat solutions have been drawn off closely. Evapórate the 
ethers slowly on a steam bath, then dry the fat in a boiling water 
oven to constant weight. 

Confirm the purity of the fat by dissolving in a little pe- 
troleum ether. Should a risidue remain, remove the fat com- 
pletely with petroleum ether, dry the residue, weigh and deduct 
the weight. Finally correct this weight by a blank determina- 
tion on the reagents used." 

SWEETENED CONDENSED MILK. 
Preparation of Sample. 

Pour the contents of the can into a' bowl or on a glass píate. 
Scrape out the can thoroughly, removing all the sugar sediment 
from the top and bottom of the can. ' Mix thoroughly with pestle 
or spatula until a homogenous emulsión is secured. This is 
importan t, as it is exceedingly difficult to secure a representative 
sample otherwise. 

If it is desired to use a 40 per cent solution as directed in 
the determination of the individual ingredients, weigh accurately 
40 grams of the properly mixed contents of the can into a 100 ce. 
graduated flask. Add 60 ce. of water. The sweetened con- 
densed milk mixes somewhat difficultly with the water. Complete 
solution is facilitated bv addiní^ the water in several install- 
ments*, shaking after each addition until condensed milk sedi- 
ment adheres no longer to the bottom and sides of the flask. 

Specific Gravity. 

Acrometric Method by Means of Beaumé Hydrometer. 

Apparatus. 

Beaumé Hydrometer. — L'se a specially constructed Beaumé 
hydrometer with mercury bulb, and a scale of 30 to 37 degrees B., 
graduated to tenths degrees. Length over all, twelve inches; 
length of spindle, six inches ; length of empty bulb, four and 
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one-quarter inches; wdth of empty bulb, thirteen-sixteenths of 
one inch. 

Hydromcter Jar. — Use a glass or tin cylinder with substantial 
base, minium length twelve inches, minimum width one and a 
half inches. 

Determination. 

Use the original undiluted condensed milk. The Beaumé hy- 
drometer is graduated to read correctly at 60 degrees F. (15.5 de- 
grees C). At this temperature the sweetened condensed milk is 
too viscous for rapid and accurate work. Warm the condensed 
milk to 100 degrees F. or abo ve and correct the Beaimié reading 
by adding to the observed reading .025 points for every degree 
Fahrenheit abo ve 60. At a temperature of 100 degrees F. or above, 
the reading can be made in fifteen minutes or less, after the hydro- 
mcter is inserted in the milk. 

The specific gravity is determined by the use of the following 
foi*mula : 

Specific eravity =^- — 

^ ^ ^ 144.3— B 

B = B-eaumé reading at 60 degrees F. 

Example: Observed Beaumé reading at 120 is 31.6. 

Corrected reading =31.6-|- [(120 — 60) X .025] =33.1. 

144 3 

Specific gravity = '■ = 1.2977. 

^ ^ ^ 144.3 — 33.1 


The following table shows the specific gravity of sweetened 
condensed milk whfen the Beaumé reading is known. 
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Beaumé 

Specific 
Gravity 

1.000 

Beaumé 
16.5 

specific 
Gravity 

Beaumé 

Specific 
Gravity 



1130 

29.7 

1.260 

0.7 

1.005 

17.1 

1.135 

30.2 

1.265 

1.4 

1.010 

1.77 

1.140 

30.6 

1.270 

2.1 

1.015 

18.3 

1.145 

31.1 

1.275 

2.7 

1.020 

18.8 

1.150 

31.6 

1.280 

3.4 

1.025 

19.3 

1.155 

32.0 

1.286 

4.1 

1.030 

19.8 

1.160 

32.4 

1.290 

4.7 

1.035 

20.3 

1.166 

32.8 

1.296 

5.4 

1.040 

20.9 

1.170 

33.3 

1.300 

6.0 

1.045 

21.4 

1.175 

33.7 

1.306 

6.7 

1.050 

22.0 

1.180 

34.2 

1.310 

7.4 

1.055 

22.5 

1.185 

34.6 

1.316 

8.0 

1.060 

23.0 

1.190 

35.0 

1.320 

8.7 

1.065 

23.5 

1.195 

36.4 

1.325 

9.4 

1.070 

24.0 

1.200 

35.8 

1.330 

10.0 

1.075 

24.5 

1.205 

36.2 

1.336 

10.6 

1.080 

25.0 

1.210 

36.6 

1.340 

11.2 

1.085 

25.5 

1.215 

37.0 

1.345 

11.9. 

1.090 

26.0 

1.220 

37.4 

1.360 

12.4 

1.095 

26.4 

1.225 

37.8 

1.355 

13.0 

1.100 

26.9 

1.230 

38.2 

1.360 

13.6 

1.105 

27.4 

1.236 

38.6 

1.366 

14.2 

1.110 . 

27.9 

1.240 

39.0 

1.370 

14.9 

1.115 

28.4 

1.246 

39.4 

1.375 

15.4 

1.120 

28.8 

1.260 

39.8 

1.380 

16.0 

1.125 

29.3 

U55 

40.1 

1.386 


Oravimetric Determinatíon. 

Dilute a measured portion of a 40 per cent solution with an 
equal volume of water, use 5 ce. of the diluted mixture, cor- 
responding to 1 gram* of the condensed milk and proceed as 
directed under "Milk.'' 

Total Solids. 

• 

Dilute a measured portion of a 40 per cent solution with an 
equal volume of water, measure 5 ce. of the diluted mixture, 
corresponding to 1 gram of the condensed milk into an evap- 
ora ting dish containing 15 to 20 grams of puré dry sand and 
proceed as directed under "Milk." 

Ash. 

Ignite the total solids at very low redness, cool, and weigh. 
See "Milk." 

Protéids. 

Determine nitrogen in 5 ce of the 40 per cent solution 
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according to the Gunning method, see "Milk/' and multiply the re- 
sults by 6.38. 

Lactose. 

Dilute five grams of a 40 per cent solution to about 40 ce. 
and add .6 c.c. of Fehling's copper solution. Nearly neutralize 
with sodium hydroxide, make up to 100 c.c, filter through dry 
filter and determine lactose in an aliquot as directed under 
"Milk — Djstermination of Lactose." 

Fat. 
. Modifíed Babcock Test. 

Weigh eighteen grams, or measure 16.1 c.c. of the 40 per 
cent solution into a standard Babcock milk test bottle. Add 
4 c.c. of commercial sulphu,ric acid, specific gravity 1.82 to 1.83. 
Shake immediately until acid is thoroughly mixed with the milk. 
Whirl in Babcock tester for six minutes at full speed. The 
centrifuge must run smoothly. Stop the tester gradually and 
remove the bottles carefully so as not to break the layer of float- 
ing curd. Decant the clear whey by slowly inclining the bottle. 
Now add two-thirds of a 17.6 ce pipette full of water.- After 
thoroughly shaking to emulsify the curd and to wash it free 
of sucrose, add 4 c.c. sulphuric acid, shake, whirl and decant as 
before. Then add one 17.6 ce pipette full of water, 17.5 c.c 
of sulphuric acid and complete the Babcock test in the usual 
vvay as directed under "Milk.'* Multiply the reading by 2.5. 

This method yields very satisfactory results with sweetened 
condensed milk containing not less than 4 to 5 per cent fat. 
With condensed milk of a lower fat content the decanting of the 
clear whey is difficult, since the curd in the partly skimmed 
product is too heavy to float in the form of a firm cheese. 

The Roese-Gottlieb Method. 

As practiced in the Dairy Laboratory, Burean of Chemistry, 

Department of Agriculture. 

"Weigh out 4 to 5 grams of the homogeneous sample of 
condensed milk into a Rohrig tube (Zeit. Unters. Nahr. u. Ge- 
nussm., 1905, 9:531) or some similar apparatus and dilute with 
water in the tube to about 10.5 c.c. — or, if preferred, weigh into 
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the tube 10 to 11 grams of a 40 per cent solution of the substance 
— 'add li ce. of concentrated ammonium hydroxid (2 ce. if the 
sample be sour) and mix thoroughly with the milk. Add 10 ce 
of 95 per cent alcohol and mix well. Then add 25 ce of washed 
ethyl ether and shake vigorously for half a minute, then add 25 
c.c of petroleum ether (redistilled slowly at a temperature belovv 
60 degrees C. preferably) and shake again for half a minute. 
Let stand 20 minutes or until the upper liquid is practically clear 
and its own lower level constant. Draw oíf of the ether solution 
as much as possible — usually 0.5 to 0.8 ce will be left — inte a 
weighed flask through a diminutive quick acting filter, of selected 
paper. The flask should always be \yeighed with a similar one 
as counterpoise. 

'*Re-extract the liquid remaining in the tube, this time with 
only 15 ce of each ether, shaking vigorously half a minute with 
each, and allow to settle. 

"Draw off the clear solution through the small filter into 
the same flask as before and .wash the tip of the spigot, the funnel 
and the filter with a few ce of a mixture of the two ethers in 
equal parts (previotisly mixed and free from deposited water). 

"For perfectly exact results the re-extraction must be .re- 
peated. This extraction yields usually not more than about a 
milligram of fat, if the previous ether-fat-solutions have been 
drawn off closely — an amount averaging about .02 per cent on 
a 4-gram charge. 

"Evapórate the ether slowly on a steam bath, then dry the 
fat in a boiling water oven until loss of weight ceases. 

"Prove the purity of the fat by dissolving in a little pe- 
troleum ether. Should a residue remain, wash the fat out com- 
pletely with petroleum ether, dry the residue, weigh, and deduct 
the weight. (This should not often be necessary.) 

"Pinally deduct the weight obtained by blank determination 
on the Chemicals used. 

"By this method practically absolute results can be ob- 
tained." 

Sucrose. 

Determine. by diff'erence, deducting the milk solids (ash 
plus proteids plus lactose plus fat) from the total solids, or 
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invert the sucrose, determine, the total invert sugar, deduct frpm 
this the lactose calculated as invert sugar and calcúlate the 
difference as sucrose. 

Milk SoUds. 

Deduct the per cent sucrose from the per cent total solids. 
The difference represents the per cent milk solids. 

EVAPORATED MILK. 

Preparation of Sample. 

Shake the can of evaporated milk vigorously before opening. 
If, upon opening the can, separa ted cream or small lumps of 
butter are found to adhere to the seams and around the junction 
of the ends and the body, set the can in a water bath at 130 
degrees F. for ten minutes or until all fat is completely dissolved.' 
Then pour the entire contents into a beaker and pour back and 
forth several times until á homogeneous mixture is secured. If 
it is known before opening the can that the contents are sep- 
arated, submerge the whole can in a water bath at 130 degrees 
F. for ten minutes, then shake, open and proceed as above. 

If it is desired to use a 40 per cent solution, as directed 
under the determination of the individual ingredients, weigh 
accurately 40 grams of the properly mixed contents of the can 
into a 100 ce. graduated flask. Add 60 ce. water and mix thor- 
oughly by shaking or stirring. 

Spccific Gravity^ 

Aerometric Method. 

Apparatus. 

Beaumé hydrometer. — Use a special Beaumé hydrometer 
with a scale ranging from five to twelve points, graduated to 
tenths degrees and mercury-weighted. Length over all eleven 
inches, length of spindle six inches, length of empty bulb four 
inches and width of empty bulb seven-eighths inch. 

Hydrometer jar. — Use a glass or tin cylinder with substantial 
base. Minimum height ten inches and mínimum width one and 
a half inches. 

Determination. 

The Beaumé hydrometer is graduated to read correctly at 
60 degrees F. (15.5 degrees C). For every degree Fahrenheit 
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abo ve 60 add .0313 points to the observed reading. For every 
degree Fahrenheit below 60, dediict .0313 points from the ob- 
served reading. . 

The specific gravity is determined by the use of the foUowing 
formula : 

c 'c • 145.5 

Specific gravity = ^45 5 _ g 

B = Corrected Beaumé reading. 

Example: Beaumé reading at 80 degrees F. is 7.8. 

Corrected reading =7.8+ [(80 — 60) X .03131 =8.43. 

Specific gravity = ^^g ^^^^3^3 = 1-0615. 

Equally good results may be obtained by diluting the evap- 
orated milk with an equal weight of water. Then take the Que- 
venne lactometer reading at 60 degrees F. Multiply the reading 
by 2, add 1000, and divide by 1000. 

Gravimetric Determination. 

Dilute the evaporated milk with four times its weight of 
water and proceed as directed under "Milk." 

Total Solids. 

By Means of Specifíc Gravity and Babcock Formula. 

Determine the specific gravity as above directed. Multiply 
by 1000 and substract 1000. Then use the following formula: 

-^+1.2Xf 

L =^ The figure derived from the specific gravity by above 
calculations. 

f =z per cent fat. 

Example: Evaporated milk tests 7.8 p^r cent fat and has a 
specific gravity of 1.0615. 

L = (1.0615 X 1000) — 1000 = 61.5. 

Total solids =~^ + 1.2 X 7.8 = 24.74 per cent. 

For rapid determination of the total solids of evaporated 
milk the factory operator is referred to the following tables from 
which the per cent total solids may be read at a glance when the 
B>eaumé reading at 60 degrees F. and the per cent fat are known. 
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Per Cent Solids of Evaporated Milk. 

The Beaumé Degrees at 60 Degrees F. are Indicated in the 
- Horizontal Line at the Top. The Per Cent of Fat is Shown 

in the Vertical Column at the T.eft. 


Beaumé reading at 60 degrees Fahrenheit 



8.0 

8.1 

8.2 

8.3 

8.4 

8.5 

8.6 

8.7 

8.8 

8.9 

PAT 











PER 

SoUds 

Solida 

Sol|dR 

SolIdB 

Solida 

Solida 

Solida 

SoUda 

Solida 

Sblida 

CENT 

per 

per 

per 

per 

per 

per 

per 

per 

per 

per 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent.- 

MQt. 

6.0 

21.75 

21.94 

22.13 

22.32 

22.52 

22.71 

22.90 

23.10 

23.29 

28.49 

6.2 

21.99 

22.18 

22.37 

22.56 

22.76 

22.95 

23.14 

23.34 

23.53 

23.73 

6.4 

22.23 

22.42 

22.61 

22.80 

23.00 

23.19 

23.38 

• 2358 

23.77 

23.97 

6.6 

22.47 

22.66, 

22.85 

23.04 

23.24 

23.43 

23.62 

23.82 

24.01 

24.21 

6.8 

22.71 

22.90 

23.09 

23.28 

23.48 

23.67 

23.86 

24.06 

24.25 

2445 

7.0 

22.95 

23.14 

23.33 

23.52 

23.72 

23.91 

24.10 

24.30 

24.49 

24.69 

7.2 

23.19 

23.38 

23.57 

23.76 

23.96 

24.15 

24.34 

24.54 

24.73 

24.93 

7.4 

23.43 

23.62 

23.81 

24.00 

24.20 

24.39 

24.58 

24.78 

24.97 

25.17 

7.6 

23.67 

23.86 

24.05 

24.24 

24.44 

24.68 

24.82 

25.02 

25.21 

25.41 

7.8. 

23.91 

24.10 

24.29 

24.48 

24.68 

24.87 

25.06 

25.26 

25.45 

25.65 

8.0 

24.15 

24.34 

24.53 

24 72 

24.92 

2511 

25.30 

25.50 

25.69 

25.89 

8.2 

24.3» 

24.58 

24.77 

24.96 

25.16 

25.35 

25.54 

25.74 

25.93 

26.18 

8.4 

24.63 

24.82 

25.01 

25.20 

25.40 

25.59 

25.78 

25.98 

26.17 

26.37 

8.6 

24.87 

25.06 

25.35 

25.44 

25.64 

25.83 

26.02 

26.22 

26.41 

26.61 

8.8 

25.11 

25.30 

25.49 

25.68 25.88 

26.07 

26.26 

26.46 

26.65 

26.86 

9.0 

25.35 

25.54 

25.73 

25.92 

2612 

26.31 

26.50 

26.70 

• 

26.89 

27.09 

9.2 

25.59 

25.78 

25.97 

26.16 

26.36 

26.55 

26.74 

26.94 

27.13 

27.38 

9.4 

25.83 

26.02 

26.21 

26.40 

26.60 

26.79 

26.98 

. 27.18 

27.37 

27.57 

9.6 

26.07 

26.26 

26.45 

26.64 

2é.84 

27.03 

27.22 

27.42 

27.61 

27.81 

9.8 

26.31 

26.50 

26.69 

26.88 

27 08 

27.27 

2746 

27.66 

27.85 

28.05 

10.0 

26.55 

26.74 

26.93 

27.12 

27.32 

27.51 

27.70 

27.90 

28.09 

28.29 

. 10.2 

26.79 

26.98 

27.17 

27.36 

27.56 

27.75 

27.94 

28.14 

2a33 

28.53 

10.4 

27.03 

27.22 

27.41 

27.60 

27.80 

27.99 

28.18 

2838 

28.57 

28.77 

10.6 

27.27 

27.46 

27.65 

27.84 

28.04 

28.23 

28.42 

28.62 

28.81 

29.01 

10.8 

27 51 

27 70 

27.89 

28.08 

28.28 

28.47 

28.66 

28.86 

29.05 

29.25 

11.0 

27 75 

27.94 

28.13 

28.32 

28.52 

28.71 

28.90 

29.10 

29.29 

29.49 

11.2 

27.99 

28.18 

28.37 

28.56 

28.76 

28.95 

29.14 

29.34 

29.58 

29.73 

11.4 

28.23 

28.42 

28.61 

28.80 

29.00 

29.19 

29.38 

29.58 

29.77 

29.97 

11.6 

28.47 

28.66 

28.85 

29.04 

29.24 

29.43 

29.62 

29.82 

30.01 

30.21 

11.8 

28.71 28.90 29.09 29.28 

29.48 29.67 

29.86 

30.06 

30.25 

30.45 
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Per Cent Solids of Evaporated Milk (Continued). 

The B/eaumé Degrees at 60 Degrees F. are Indica'ted in the 

Horizontal Line at the Top. The Per Cent of Fat is Shown 

in the Vertical Column at the Left. 


Beaume reading at 60 degrees Fahrenheit 



9.0 

9.1 

9.2 

9.3 

9.4 

9.5 

9.6 

9.7 

9.8 

9.9 

FAT 











PER 

Solide 

SoUds 

Solids 

Solids 

Solids 

Solids 

Solids 

SoUds 

Solids 

Solids 

CENT 

per 

per 

per 

per 

per 

per 

per 

per 

per 

per 


cent 

(ient. 

oent. 

cent 

ceot. 

cent. 

cent. 

cent. 

cent 

cent 

6.0 

23.68 

23.88 

24.08 

24.27 

24.47 

24.66 

24.86 

25.06 

25.26 

25.45 

6.2 

23.92 

24.12 

24.32 

24.51 

24.71 

24.90 

25.10 

25.30 

25.50 

25.69 

6.4 

24.16 

24.36 

24.56 

24.75 

24.95 

25.14 

25.34 

25.51 

25.74 

25.93 

6.6 

24.40 

24.60 

24.80 

24.99 

25.19 

25.38 

25.58 

25.78 

25.98 

26.17 

6.8 

24.64 

24.84 

25.04 

25.23 

25.43 

25.62 

25.82 

26.02 

26.22 

26.41 

7.0 

24.88 

25.08 

25.28 

25.47 

25.67 

25.86 

26.06 

26.26 

26.46 

26.65 

7.2 

25.12 

25.32 

25.52 

25.71 

25.91 

26.10 

26.30 

26.50 

26.70 

26.89 

7.4 

25.36 

25.56 

25.76 

25.95 

26.15 

26.34 

26.54 

26.74 

26.94 

27.13 

7.6 

25.60 

25.80 

26.00 

26.19 

26.39 

26.58 

26.78 

26.98 

27.18 

27.37 

7.8 

25.84 

26.04 

26.24 

26.43 

26.63 

26.82 

27.02 

27 22 

27.42 

27.61 

8.0 

26.08 

26J2S 

26.48 

26.67 

26.87 

27.06 

27.26 

27.46 

27.66 

27.85 

8.2 

26.32 

26.52 

26.72 

26.91 

27.11 

27.30 

27.50 

27.70 

27.90 

28.09 

8.4 

26.56 

26.76 

26.96 

27.15 

27.35 

27.54 

27.74 

27.94 

28.14 

28.33 

8.6 

26.80 

27.00 

27.20 

27.39 

27.69 

27.78 

27.98 

2818 

28.38 

28.57 

8.8 

27.04 

27.24 

27.44 

2763 

27.83 

28.02 

28.22 

2842 

28.62 

28.81 

9.0 

27.28 

27.48 

27.68 

27.87 

28,07 

28.26 

28,46 

28.66 

28.86 

29.05 

9.2 

27.52 

27.72 

27.92 

28.11 

28.31 

28.50 

28.70 

28.90 

29.10 

29.29. 

9.4 

27.76 

27.96 

28.16 

28.35 

28.55 

28.74 

28.94 

29.14 

29.34 

29.53 

9.6 

28.00 

28.20 

28.40 

28.59 

28.79 

28.98 

29;18 

29.38 

1 29.5S 

29.77 

9.8 

28.24 

28.44 

28.64 

28.83 

29.03 

29.22 

29.42 

29.62 

29.82 

30.01 

10.0 

28.48 

28.68 

28.88 

29.07 

29.27 

29.46 

29.66 

29.86 

30.06 

30.25 

10.2 

28.72 

28.92 

29.12 

29.31 

29.51 

29.70 

29.90 

30.10 

30.30 

30.49 

10.4 

28.96 

29.16 

29.36 

29.55 

29.75 

29.94 

30.14 

30.34 

30.54 

30.73 

10.6 

29.20 

29.40 

29.60 

29.79 

29.99 

30.18 

30.33 

3058 

30.78 

30.97 

10.8 

29.44 

29.64 

29.84 

30.03 

30.23 

30.42 

30.62 

30.82 

31.02 

31.21 

11.0 

29.68 

29.88 

30.08 

30.27 

30.47 

30.66 

30.86 

31.06 

31.26 

31.45 

11.2 

29.92 

30.12 

30.32 

30.51 

30.71 

30.90 

31.10 

31.30 

31.50 

3L69 

11.4 

30.16 

30.36 

30.56 

30.75 

30.95 

31.14 

3134 

31.54 

31J4 

31.93 

11.6 

30.40 

30.60 

30.80 

30.99 

31.19 

31.38 

3158 

31.78 

31.98 

32.17 

11.8 

30.64 

30.84 

31.04 

31.23 

31.43 

31.62 

31.82 

32.02 

3222 

3241 
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Per Cent Solids of Evaporated Milk (Contínued). 

The Beauhié Degrees at 60 Degrees F. are Indicated in the 
Horizontal Line at the Top. The Per Cent of Fat is Shown 

in the Vertical Column at the Left. 


ssa^ssas 


s\ 




Beaume 

readtng at 60 degrees Fahrenheit 


PAT 

10.0 

10.1 

10.2 

10.3 

10.4 

10.5 

10.6 

10.7 

10.8 

10.9 

PER 

Solids 

Solids 

Solids 

Solida 

Solida 

Solida 

Solida 

SoUda 

Solida 

solida 

CENT 

per 

per 

per 

per 

per 

per 

P«r 

per 

per 

per 


cent. 

cent. 

cent. 

cent. 

cent. 

.cent. 

eent. 

cent. 

eant. 

eent. 

6.0 

25.65 

25.85 

26.05 

26.25 

26.45 

26.65 

26.85 

27.05 

27.25 

27.45 

6.2 

25.89 

26.09 

26.29 

26.49 

26.69 

26.89 

27.09 

27^ 

27.49 

27^ 

6.4 

26.13 

26.33 

26.53 

26.73 

26.93 

27.13 

27.33 

27.53 

27.73 

27.93 

6.6 

26.37 

26.57 

26.77 

26.97 

27.17 

27.37 

27.57 

27.77 

27.97 

28.17 

6.8 

26.61 

26.81 

27.01 

27.21 

27.41 

27.61 

27.81 

28.01 

28.21 

28.41 

7.0 

26.85 

27.05 

27.25 

27.45 

27.65 

27.85 

28.05 

28^ 

28.45 

28.65 

7.2 

27.09 

27.29 

27.49 

27.69 

27.89 

28.09 

28.29 

28.49 

28.69 

28.89 

7.4 

27.33 

27.53 

27.73 

27.93 

28.13 

28.33 

28.53 

28.73 

28.93 

29.13 

7.6 

27.57 

27.77 

27.97 

28.17 

28.37 

28.)57 

28.77 

28.97 

29.17 

29.37 

7.8 

27.81 

28.01 

28.21 

28.41 

28.61 

28.81 

29.01 

29.21 

^.41 

29.61 

8.0 

28.05 

28.25 

28.45 

28.65 

28.85 

29.05 

29.25 

29.45 

29^5 

29.85 

8.2 

28.29 

28.49 

28.69 

28.89 

29.09 

29.29 

29.49 

29.69 

29.89- 

30.09 

8.4 

28.53 

28.73 

28.93 

29.13 

29.33 

29.53 

29.73 

29.93 

80.13 

30.33 

8.6 

28.77 

28.97 

29.17 

29.37 

29.57 

29.77 

29.97 

30.17 

30.87 

30.57 

8.8 

29.01 

29.21 

29.41 

29.61 

29.81 

30.01 

30.21 

30.41 

30.61 

30.81 

9.0 

29.25 

29.45 

29.65 

29.85 

30.05 

80^ 

30.45 

30.65 

30.85 

3L05 

9.2 

29.49 

29.69 

29.89 

30.09 

30.29 

80^9 

30.69 

30.89 

31.09 

81.29 

9.4 

29.73 

29.93 

30.13 

30.33 

30.53 

80.73 

30.93 

31.13 

31.33 

31.53 

9.6 

29.97 

30.17 

30.37 

30.57 

30.77 

80.97 

31.17 

31.37 

31.57 

31.77 

9.8 

30.21 

30.41 

30.61 

30.81 

31.01 

81.21 

31.41 

31.61 

31.81 

32.01 

10.0 

30:45 

80.65 

30.85 

31.05 

31.25 

31.45 

31.65 

31.85 

32.05 

32.25 

10.2 

30.69 

30.89 

31.09 

31.29 

31.49 

81.69 

31.89 

32.09 

32.29 

32.49 

10.4 

30.93 

31.13 

31.33 

31.53 

31.73 

81.93 

32.13 

32.33 

32.53 

32.73 

10.6 

31.17 

31.37 

31.57 

31.77 

81.97 

82.17 

32.37 

32.57 

32;77 

32.97 

10.8 

3L41 

31.61 

31.81 

32.01 

32.21 

82.41 

32.61 

32.81 

33.01 

33.21 

11.0 

31.65 

31.85 

32.05 

32.25 

32.46 

32.65 

32.85 

33.05 

33.25 

33.45 

11.2 

31.89 

32.09 

32:29 

32.49 

32.69 

32.89 

33.09 

33.29 

33.49 

33.69 

11.4 

32.13 

32.33 

32.53 

32.73 

32.93 

33.13 

33.33 

38.53 

33.73 

33.93 

11.6 

32.37 

32.57 

32.77 

32.97 

33.17 

33.37 

33.57 

33.77 

33.97 

34.17 

11.8 

32.61 

32.81 

33.01 

33.21 

33.41 

33.61 

33.81 

34.01 

34.21 

34.41 


Chemicai, T^sts and Anai^yses 363 

Gravimetric Detcrmination. 

Dilute a measured portion of a 40 per cent solution with an 
equal volume of water, use 5 ce. of the diluted mixture, correspond- 
ing to 1 gram of the evaporated milk and proceed as directed under 
"Milk/' 

Ash. 

Ignite the total solids at very low redness, cool, weigh, see 
"Milk." 

Proteids. 

Use 5 ce. of a 40 per cent solution, determine nitrogen accord- 
ing to the Gunning method as directed under "Milk," and multiply 
result by 6.38. 

Lactose. 

Dilute 10 grams of a 40 per cerít solution to about 40 ce and 
add .6 ce of Fehling's copper solution; nearly neutralize with 
sodium hydroxide, make up to 100 ce, filter through dry filter, and 
determine lactose in an aliquot as directed under "Milk." 

Fat. 
The Modified Babcock Method.* 

Carefully weigh 4.5 grams of well-mixed evaporated milk into 
the 8 per cent test bottle. Add one 17.6 ce pipetteful of water. Add 
17.5 ce of sulphuric acid and shake until the curd in the test bottle 
is completely dissolved. Whirl at usual speed (^one thousand revo- 
lutions per minute) for five minutes. Mix equal portions of water 
and sulphuric acid in glass * beaker. For one or two tests, one 
pipetteful of water and one acid measure full of acid are sufficient. 
Fill test bottle to slightly below the bottom of the neck with the hot 
diluted acid. Whirl for two minutes. If the fat collected at the 
base of the neck is not clear, shake the bottle until all the curdy 
matter is completely dissolved, fill the bottle to about the 8 per cent 
mark with hot mater, whirl for one minute and read the test at 135 
degrees F. The fat column must be read from the top of the upper 
meniscus to the bottom of the lower meniscus. Multiply the reading 
by 4. This gives the correct per cent of fat. 

Instead of weighing 4.5 grams into the test bottle, a 4.3 ce 

^ Hunzlker and Spltser, Indiana Agrlcultural Experiment Statlon, BuUetin 
No. 134. 1909. 
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pipette may be used. After emptying the pipette into the bottie it 
should be rinsed twice and the rinsings discharged into the test 
bottie. 

For making numerous tests 
from the same sample it is advis- 
able to dilute the evaporated milk 
with equal parts of water, by 
weight; then weigh nine grams of 
this dilution into the test bottie and 
add one-half pipetteful of water. 



The Roese-Gottlieb Method. 

Proceed as directed under 
"Sweetened Condensed Milk." 

MILK POWDER. 

Total Solids. 

Weigh 5 grams of the milk 
powder in a drying bottie or evap- 
orating dish and place in drying 
oven at 100 to 105 degrees C. un til 
constant weight is secured. 

Ash. 


5—= 


^ — = 


--B 


Read from A to D 


j) 


Tíg, 111 
Beadlnar tha Baboock test 


Weigh two grams of the milk powder in a weighed platinum 
dish and proceed as directed under "Milk.*' 

Proteids. 

Use five grams of the milk powder and proceed as directed 
under "Milk/* 

Milk Sugar (Lactose). 

Dissolve ten grams of milk powder in 90 ce. of water. Warm 
and stir until a satisfactory solution is effected and proceed as di- 
rected under "Milk/' and multiply result by 10. 

Sucrose. 

For the determination of sucrose proceed as directed under 
"Sweetened Condensed Milk.'' 
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Fat. 

The Babcock Test Method. — Dissolve ten grams of milk 
powder in 90 c.c. of water. Warm and mix until a complete solu- 
tion is effected. Then proceed as directed under "Milk," and mul- 
tiply the result by 10. 

'T^ocse-Gottlicb Method. — Weigh ene gram of the powder 
in a 30 c.c. lipped beaker. Rub up with 9 c.c. of water and 2 c.c. of 
concentrated ammonium hydroxid, digest on steam bath until the 
casein is well softened and the whole resembles milk. Cool, transfer 
to Róhrig tube or similar apparatus, using 10 c.c. of 95 per cent 
alcohol for rinsing, followed, after shaking contents of tube, by 25 
c.c. of washed ethyl ether. Shake vigorously for one-half minute 
and proceed as in the determination of fat in sweetened condensed 
milk." 

Chapter XXXI. 

THE MOJONNIER TEST FOR FAT AND SOLIDS.^ 

The Mojonnier test for fat and soHds in milk and milk prod- 
ucts represents the use of chemical apparatus and niechanical de- 
vices of a high degree of precisión, ingeniously invented, scientific- 
ally modified and especially adaptéd for accurate tests of dairy prod- 
ucts. It offers methods of fat and solids estimations that combine 
the accuracy of official chemical analysis with the rapidity of fac- 
tory tests. It has been introduced in and is successfuUy used by 
most of the ^progressive milk-condensing faetones in the country, 
and it is adinirably filling a long-felt demand for reliable and accu- 
rate methods of testing milk, condensed milks and milk powders 
and for standardizing these products under factory conditions. 

EQUIPMENT. 

Install the tester on a solid foundation in a room protected 
against excessive fluctuations in temperature. 

1. Tester for butter fat. 

2. Tester for total solids. 

3. Fat extraction flasks. 


* Dlrectlons furnished through courtesy of Mojonnier Bros. Co„ MUk 
Engrlneers, Chicago. 
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4. Eight 3^-mch aluminutn dishes without covers and with 
talt coutiterpoise which tares the eight dishes, for fat tests. 

5. Eight 3-inch alumínum dishes with covers and short coun- 
terpoise, for solids tests. 

6. Fat oven. Keep temperature at 135° C. 

7. Cooling chamber. 

8. Solids oven. Keep temperature at 100° C. 

9. 250° C. thermometer for solids oven. Have mercury bulb 


fit snugly inte brass mercury well. Brass mercury well must always 
form good contact with hot píate. 

10. 250° C. thermometer for fat oven. Observe same prccau- 
tions as in (9). 

11. Vacuum gauge on main suction line, registers either or 
both ovens. 

12. Solids píate. Must be level and held at 180° C. 

13. Fat píate. Hold at 135" C. 
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14. Rheostat for fat píate. Lever must make good contact 
with one button, not with two at a time. When right button has been 
found that maintains constant temperature, mark this point on rheo- 
stat rim. When starting tester each day, turn handle on full until 
temperature has risen to within right point, then turn back to previ- 
ously marked button. 

15. Rheostat for fat oven. Observe same precautions as in 
(14). 

16. Rheostat for solids oven. Observe same precautions as 
in (14). 

17. Rheostat for solids píate. Observe same precautions as 
in (14). 

18. Handle for centrifuge. 

19. Snap switches for each hot píate showing temperature and 
time for treating samples at various points. 

20. Power unit, consisting of vacuum pump, water circulating 
pump and motor for same. Keep pump fiUed to air cock with oil 
fumished with tester. 

21. Automatic burettes and cans holding the water, ammonia, 
alcohol, ethyl ether and petroleum ether, placed in the order in which 
they are used. Each división on burettes delivers the proper amount 
of the desired reagent for a single extraction. 

22. Hood, to be placed over fat dishes when evaporating off 
ether. 

23. Legs, to be fastened to floor with lag screws. 

24. This side need not be fastened to floor. If necessary to 
take out power unit disconnect connections in rear of machine and 
move this part of machine forward. 

25. Chemical balance. Keep level, clean and handle carefully. 
Raise knife edges gradually and with care. Clean balance daily. 
Keep weights clean. When weights show signs of wear, order new 
ones. 

26. Cock, to exhaust vacuum from oven when cock (27) is 
closed. Must be kept closed when vacuum is turned on oven. 

27. Cock, that switches vacuum from main line into vacuum 
oven. Set of cocks at right is for solids oven, set of cocks at léft 
is for fat oven. 

28. Hole in top of fat píate holder, communicating with suction 
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fan, on power unit. Run exhaust pipe on suction fan out of window 
and keep hood over the dishes in order to drive all ether fumes 
from room. 

29. Stool, to be screwed to floor. 

DIRECTIONS FOR OPERATING MOJONNIER TEST. 

Preliminary directions for tests of both Fat and Solids. 

(1) Wash solids dishes with warm water and fat dishes 
with gasoline. Dry with a towel and place into heated vacuum 
oven for five minutes with vacuum on. At the end of five minutes 
put these dishes into cooler and, with the pump still running, 
keep them there for ñ\t minutes before weighing. Do not turn 
off motor until last dish is weighed out of cooling chamber. 

(2) While dishes are being heated and cooled, wash 
pipettes with water, alcohol and ether and dry by applying 
vacuum at exhaust cock upon testen Always use clean and 
dry pipettes for each different sample. Aim to clean pipettes as 
well as all glassware, ímmediately after using. 

(3) It is very important to keep extraction flasks clean. 
Wash these with warm water immediately after extraction is 
finished. Wash with washing powder and shot when necessary. 

(4)) After aluminium dishes have been in cooler for at 
least ñvt minutes, weigh accurately to .0001 gram, using the 
proper counterpoise. Weigh solids dishes with cover on. Fat 
dishes do not have covers. Fat dishes should be cooled for 
seven minutes before being weighed. 

(5) Us£ weighing pipettes as follows : Fill five-gram pipette 
up to five-gram mark for butter fat, and one-gram pipette 
up to one-gram mark for total solids. If duplicates are to be run 
ñll two pipettes from the same sample. As pipettes are filled 
place lower end into cleaned and dry rubber tubes which are 
pressed upon knobs at ends and center of weighing cross. Either 
five or less samples for butter fat or five or less for total solids 
may be pipetted out. 

(6) Weigh the cross with the pipettes containing the milk 
on chemical balance accurately to .0001 gram. Run milk from 
pipette into proper flask, or 3-inch dish if making solids test. 
The pipettes may be distinguished by the number upon eách . 
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cross. Replace pipette and weigh again. Difference in weight 
gives weight of sample. Repeat until all samples are run into 
proper flasks, and into weighed solids dishes if solids are deter- 
mined along with the fat. 

For fat in Sweetened Condensad Milk use a five-gram 
sample. The five-gram pipette delivers approximately five 
grams between the five-gram mark and the base of the bowl of 
the pipette. 

Some operators prefer to mix 200 grams of sweetened con- 
densed milk wnth 200 grams of water, weighing these carefully 
upon a Harvard trip scale sensitive to .1 gram. In this case care 
must be exercised to obtain the exact weight of both milk and 
water and to stir these thoroughly with glass or metal rod before 
taking sample. A tall tumbler, a one-pound bottle or a quart . 
cup make good containers in which to make. mixture. A ten- 
gram sample of this mixture is used. This is best weighed out 
by using two five-gram pipettes on weighing cross. 

For total solids weigh out >4 (.5000) to ^ (.7500) gram of 
this mixture. If the undiluted milk is used take as nearly (.2500) 
gram as possible. 

For regular 8 per cent plain bulk condensed milk use same 
size samples and treat same as evaporated milk. For 12 per cent 
superheated condensed milk mix 100 grams milk with 300 grams 
water upon Harvard trip scale. Weigh ten-gram sample of this 
mixture into flask for fat and a two-gram sample into solids 
dish for solids. Multiply percentages obtained by four for cor- 
rect percentages, when a 1 to 4 dilution is made. 

FRESH MILK, SKIM MILK, WHEY, BUTTERMILK. 

Butter Fat Determination. 

(1) Use the ten-gram pipettes for measuring out ten grams 
of milk into cleaned but not necessarily dried Mojonnier extrac- 
tion flask. Use only ten-gram pipettes furnished with tester 
and do not use 10 ce. pipettes. The pipette is graduated to 
deliver ten grams of milk after allowing all milk to run out 
and letting it drain for fifteen seconds longer, then blowing 
gently to remove last drop. *The pipette must be perfectly clean 
and dry before being used. Wash frequently with sulphuric acid, 
water, alcohol and ether to insure having a clean pipette. 
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(2) Make extractions exactly as in test for butter fat in 
condensed milk, excepting that in second extraction only 15 c.c. 
of each ether need be used. 

(3) Percentage butter fat is obtained by multipling the 
weight of the extrac ted butter fat by 10. 

(4) If any of these products have soured badly, double the 
quantity of ammonia in the regular extraction and shake until 
all particles are dissolved. 

Total Solids Determination. 

(1) Determine total solids as in evaporated milk, excepting 
that a two-gram sample is weighed out, and no water need be 
added to spread the milk over the bottom of the dish. 

SWEETENED CONDENSED MILK, EVAPORATED MILK 

AND CONDENSED BULK MILK. 

Butter Fat Determination. 

(1) Remove flask from holder and run 4 c.c. water (one 
charge on water burette) into each flask. Be careful not to add 
more. Shake well until all of sample is mixed with water. This 
can be done without inserting cork. 

For Sweetened Condensed Milk, if not diluted with water, 
add 6 c.c. of hot water with a pipette. To get hot water place fat 
dish filled with'distilled water upon solids píate. If sweetened 
milk has been previously diluted with water and a ten-gram 
sample has been used, it is not necessary to add water. 

It is very necessary to shake the flasks containing the sweet- 
ened condensed milk very thoroughly after the addition of each 
reagent. Sweetened condensed milk requires more shaking 
than any other liquid milk product. 

(2) Before replacing flask into holder, add lj4 c.c. c.p. am- 
monia. Shake well so that all of sample is well mixed with 
ammonia. This can be done without inserting cork. 

(3) Add 95 per cent alcohol up to base of top bulb of ex- 
traction flask. Insert cork, using best quality corks only. Re- 
place flask into flask holder, Shake thoroughly and see that no 
milk adheres to any part of flask undissolved. In case particles 
of milk stick to side of flask, shake thoroughly until these are 
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washed away. It is of the utmost importance- to shake thor- 
oughly at this point. 

(4) Add 25 ce. ethyl ether, insert cork and shake vigorous- 
ly, lengthwise of flask, with liqíiid in large bulb of flask, and 
small bulb extended upward. Stop shaking at end of five seconds 
until all liquíd has run into large bulb and repeat vigorous shak- 
ing for four five-second periods. 

(5) Add 25 ce. petroleum ether and shake in same way. 

(6) Plaee extraction flasks into eentrifuge and whirl for 
thirty turns at speed of about 600 R. P. M. Double time for 
sweetened condensed milk. 

(7) Plaee four 3j4-ineh dishes in line on shelf adjoining hot 
píate, keeping them in order in which their weights were posted 
upon record sheet. Aim to have numbers on flasks eorrespond 
with number of dishes. 

(8) Pour ether extraction to dividing line into proper dishes 
and slide dishes over onto hot píate, which should be held at a 
temperature of 135 degrees C, as indicated by thermometer in- 
serted in nickel plated mercury well. 

(9) Repeat the extraction, adding first alcohol enough to 
bring line cióse up to top of small neck of flask, then 25 ce. 
ethyl ether, and then 25 ce. petroleum ether, and shake vigorous- 
ly after the addition of each of above three reagents for four 
5-second periods. 

(10) Whirl in eentrifuge for thirty turns. 

(11) Move aluminum dishes back upon shelf adjoining hot 
píate and pour the second extraction into proper dishes. Never 
pour extraction into hot dish. Remove dish from hot píate as 
soon as ether is all evaporated. 

(12) When all of ether has evaporated place dishes into 
vaeuum oven, w^hich should have a temperature of 135 degrees 
centigrade. Keep them there for five minutes after the vaeuum 
gauge shows at least twenty-tw^o inches of vaeuum. 

(13) Plaee dishes into cooler for seven minutes, with pump 
outfit running. See that water is running through cooling plates. 

(14) Place counterpoise for dish and the approximate 
weight for fat on right hand balance pan. 
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(15) Transfer dish to left hand balance pan and weigh 
quickly to 0.10 milligram (0.0001 gr.). 

(16)^ Weight of fat divided by weight of sample taken, 
muItipHed by 100, represents per cent butter fat. 

Total Solids Determination. 

(1) The temperature of the hot píate in the solids vacuitm 
oven must be 100 degrees C. The temperature of the outside 
solids píate must be 170 degrees to 180 degrees C. 

(2) To weighed milk in solids dish add about 1 ce. water 
and distribute mixture evenly over bottom of dish. For sweet- 
ened condensed milk use hot water. 

(3) Place not more than two dishes at once upon hot píate, 
which must be perfectly level. Allow all visible moisture to 
evapórate. During the evaporation turn the dishes around with 
crucible tongs, slowly, so as to produce an even boiling over the 
whole bottom sur face of the dishes. The dishes must be watched 
carefully during the evaporation. This step should require not 
more than two minutes. The end point is reached when bubbling 
and crackling ceases and sample shows first trace of brown. 
Vigorous boiling without spattering and complete evaporation 
are fundamentally essential. 

(4) Place dishes into vacuum oven, which must be at 100 
degrees C, and turn on the vacuum. Heat for ten minutes. In 
the case of sweetened condensed milk keep it for twenty minutes 
in vacuum oven. The gauge should register not less than 
twenty-two inches of vacuum. If for any reason you cannot 
obtain at least twenty-two inches of vacuum then leave dishes 
in oven for twice the regular time. 

(5). Remove from oven and place into cooler. Allow dishes 
to cool for five minutes. 

(6) Weigh dishes with covers on in the same manner that 
the butter fat dishe^ were weighed, being careful to weigh 
quickly and very exactly. 

(7) Weight of dry solids divided by weight of milk taken, 
multiplied by 100 represents per cent total solids. 
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POWDERED MILK AND MALTED MILK. 

Method of Sampling. 

Mix the sample thoroughly, making sure that it is sufficiently 
pulverized and representative of the entire lot to be tested. Trans- 
fer the pulverized sample promptly to a sealed jar. Mix before 
removing portions for testing. 

m 

Butter Fat Determination. 

(1) Weigh out rapidly, to prevent absorption of moisture 
from the air, about one gram of milk powder into butter boat. 
In case of malted milk, weigh out a 0.5 gram sample. 

(2) Add 8.5 ce. of hot* water to flask. Insert cork. Heat 
flask in water bath and shake thoroughly until the sample is 
well mixed. 

(3) Add 1.5 c.c. (one charge) ammonia^ and shake thor- 
oughly. 

(4) Add alcohol up to line on small neck of flask. Insert 
cork. Replace flask into flask holder. Shake flask thoroughly 
with.cork inserted. Use best quality cork only. 

(5) Cool flask by running cold water over lower end of 
extraction flask, if flask is very hot. This is not ordinarily 
necessary. 

(6) Add 25 c.c. ethyl ether. Insert cork, shake vigorously 
until all butter is dissolved out of boat. Then add 25 c.c. pe- 
troleum ether ánd repeat operation. 

• (7) Centrifuge flasks, turning handle thirty turns after cen- 
trifuge has reached a speed of about 600 R. P. M. 

(8) Pour oflF extractions into proper, weighed 3j4-inch alum- 
inum dishes. Repeat above extraction, adding first alcohol, then 
25 c.c. of each ether. Excepting for very accurate work a third 
extraction is not necessary. . 

The second extraction will remove all but .10 to .15 per cent 
of the butter fat. For factory control work this would be a good 
margin of safety. 

(9) Evapórate oflf ether at 135 degrees C. on "fat píate," 
and when all of ether is oflf, dry fat in fat oven held at 135 de- 
grees C. for five minutes after the vacuum has reached at least 
twenty-two inches. 

(JO) Cool, weigh and calcúlate per cent butter fat. 
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Total Solids Determination. 

(1) Use .3000 gram sample. Add 2 ce. distilled water to 
the sample in this dish. Mix milk powder and water thoroug'hly 
with the blunt rod. 

(2) Continué the determination as under evaporated milk, 
but continué heating in the vacuum oven for twenty minutes. 

Chapter XXXII. 

BACTERIOLOOICAL ANALYSES. 

While it is obviously beyond the scope and purpose of this 
volume to discuss in detail the' technique of bacteriológica! 
analyses and microscopic preparations of the milk products de- 
scribed herein, it is deemed advisable to offer some suggestions 
that may serve for guidance of those who are not familiar with 
bacterial fermentations in condensed milk. 

Sam.pliiig. — Take samples of all products contained in open 
receptacles, such as fluid milk, plain condensed bulk milk, barreled 
sweetened condensed milk and milk powder, in sterile, cotton 
plugged test tubes, or in small sterile glass-stoppered bottles, 
and keep them in a cool place, preferably not above 35 degrees 
F. until ready to use. Keep canned condensed milk sealed in 
the original package until ready to use. If already open, invert 
a petri dish or a beaker over the can to avoid contamination 
from the air. 

Dilution for Numerical Counts. — Make dilutions in 250 ce. 
glass-stoppered flasks. Before opening sealed cans, thoroughly 
wipe off the entire top with a sterile piece of cheese cloth soaked 
in a saturated solution of mercuric bichloride or a 5 per cent 
solution of carbolie acid and flame the top of the can. Open 
evaporated milk cans by punching a hole into their top, large 
enough to insert the discharge end of a graduated pipette. Open 
sweetened condensed milk cans with a sterile knife or a sterile 
can opener. 

Jn the case of fluid milk and evaporated milk, measure with 
a sterile graduated pipette two cubic centimeters of the product 
and 198 cubic centimeters of sterile water into the 250 ce flask. 
In the case of plain condensed bulk milk, sweetened condensed 
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milk and milk powder, use tared flasks holding about 150 cubic 
centimeters, weigh into them two grams of the product and add 
enough sterile water at a temperature of 98 degrees F. to make 
up 100 cubic centimeters. Use a sterile spoon or spatula to 
transfer the product to this flask. A wide-mouth flask is 
preferable. 

The above represents the first dilution. The flásk should be 
carefully shaken until a homogeneous mixture is obtained and 
the soluble portions have been completely dissolved. 

From this dilution further dilutions are made in sterile 
water in glass-stoppered flasks, according to requirements. The 
dilutions should be suíficient to limit the number of colonies on 
the plates to about SO to 100 per píate. Whole milk, as it arrives 
at the factory, usually shows from 100,000 to 1,000,000 bacteria 
per ce. Evaporated milk should be practically sterile unless the 
can shows signs of fermentation in which case the number of 
bacteria present will depend on the age of the sample can; 
dilutions as high as 1:1,000,000 are recommended in such cases. 
Plain condensed bulk milk when fresh contains from about 
1,000 to 100,000 bacteria p^r ce, when several days oíd and in 
the absence of refrigeration, its germ content is often much 
greater. Sweetened condensed milk averages from about 500 to 
500,000 bacteria per ce. 

Plating. — ^For plating the following media are recommended : 

Media for Total Counts and also for acidifiers 
4 grams beef extract 
10 grams peptone 
30 grams lactose 
4 grams sodium chloride 
12 grams thread agar 
1000 ce distilled water. 
Acidity 0.1 per cent. 

For acidifiers add 1 ce of sterile litmus solution to each 
píate before pouring the agar. 

Media for Liquefiers 

4 grams beef extract 
10 grams peptone 
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30 grams lactose 
4 grams sodium chloride 
150 grams gelatin 
1000 c.c. distilled water. 
Acidity 0.1 per cent. 
Media for Yeasts and Molds 
.4 grams beef extract 
10 grams peptone 
12 grams agar 
. 1000 grams whey 

Acidity 0.2 per cent. 

Add 1 c.c. of sterile one per cent tartaric acid solution to 
each píate before pouring the médium ovef the dilution. 

Incubation. — Incúbate agar, litmus agar and whey agar 
plates at 35 degrees C. (95 degrees F.) for at least three days 
before making counts. Incúbate gelatin plates at 21 degrees C. 
(70 degrees F.) for four to five days before making counts. 

Making Counts. — The colonies on the plates are counted 
most conveniently by placing the plates over a standard counting 
píate. In the absence of such a píate, place the petri dish upside 
down on a dark surface and draw, with a blue crayon, radial lines, 
dividing the field into segments. For plates containing not to 
exceed 100 colonies eight to sixteen segments are sufficient for 
easy counting. 

Qualitatíve Determinations. — Numerical counts on the four 
kinds of media recommended above usually furnish a fair general 
idea of the types of bacteria present. 

For the detection of gas-producing species, nutrient bouillon 
containing three per cent lactose and three per cent sucrose, re- 
spectively, in fermentation tubes, or nutrient agar containing 
three per cent lactose and three per cent sucrose, respectively, 
in test tubes, are serviceable. 

Cans of sweetened condensed milk that show gaseous fermen- 
tation (swell heads) are usually due to certain species of yeast, 
which thrive best in media containing sucrose. 

Cans of evaporated milk that show gaseous fermentation 
(swell heads)* are usually caused by anaerobic putrefactive bac- 
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teria, of which Plectridium foetidum is a most frequent repre- 
sentative, see "Blown Evaporated Milk," Chapter XXIII. This type 
of micro-organisms requires strictly anaerobio cultural conditions. 
Under limited laboratory facilities the anaerobic conditions are 
best produced by the use of oxygen-absorbing chemicals, such as 
pyrogallol to which potassium hydroxide is added. Use dry 
commercial pyrogallol and potassium hydroxide sticks, in pro- 
portion ,of 1 gram pyrogallol to .7 gram potassium hydroxide. 
dissolved in about 2 ce. of water. 

Place 50 grams of pyrogallol into the bottom part of a large 
size desiccator. Have the rim of the desiccator and the cor- 
responding rim of the cover covered with a mixture of half 
paraffine and half bee's wax. Pour into the pyrogallol in the 
desiccator 100 c.c. of wafer and then throw in 35 grams of 
potassium hydroxide. Quickly insert culture tubes, or plates, 
and cióse the desiccator with the cover, turning the cover so as 
to secure a perfect seal. Apply three permanent screw clamps. 

Anaerobic germs of the type of Plectridium foetidum grow 
best in freshly sterilized milk. In the case of Plectridium foeti- 
dum the milk first curdles, then digests, forming a clear yellow 
liquid. The digestión begins at the surface and proceeds down- 
ward. These cultures develop a most penetrating foul odor, 
resembling that of spoiled eggs.^ 

The technique and methods for ♦ determining the bacteri- 
ological flora with reference to cultural and morphological 
characteristics of individual species of microbes present, are 
identical to those used in the bacteriological study of milk and 
other similar products, and which are fully described in standard 
manuals on bacteriology. 


1 For further details on the technique of Anaerobic Cultures see Hunsiker 
Review of Existingr Methods for Cultivating: Anaerobic Bacteria. Journal of 
Applied Microscopy and Laboratory Methods, Vol. V, Nos. 3, 4, 5, 6. 


378 


Legai, Standards 


s 

xn 

\ 

o* 


-a 

Q 

09 

•3 

C 

be 


I 


I 





I- 


O"»- 

u 


I "D 


P 


i 


I 


I 


oq'^ 


¿ 




i 


II 

t^8 


«s 


M 


OS 

H8 


a 

h 


Pt4 


-a 

QQ 


I 




«S 


3| 

oa 
^8 
















V 

í 




t 

í 




Í5 
t 


o 

t 








t 


I 
SI 






II 




\ 


li. 


o o 


^ ^ 


8 ^ 




eo 


•o OO 

2$' ÁÁ 


j. 5¿ 


38 


SS 




o o 


o OO 

00 c0«o 


s 

«5 


8 83 

CQ COCO 






1^ 


dd 


8_ 


£58 


g 


o 


8 


8 

e4 


8 


00 8o So 


r»o 


OOOOOOOOOOOO 


»*o 


tooooooooooo 

» • • • • • • • • • _• • 

• 00 00 M ^ ^ o ^ ^ 1^ o e>< 




,i--t^i 


IOU9 


£áúe 


858^ 


• :t^! 


J-t^t^C^ 


OOCO 


8 8 


Q lO 


^8 
8.^ 




8^8 8 ^^8 


o •«co 


?j 88 55 £88 


ooo 


8 

(O 


8 

(O 


OO o 

8^88 


m 


u^tOUdoOiO 
00 00 00 00 nao' 


OO 

8:2 


8 


o 

1^ 


oooooooooo ooooo 

O00Q0Q0Q00000400000 ^00 00 lO 00 O 


833 

9 o o 


833 

• • • 


38 

ooó 


38 


8338883833838383 

• • • • • _ j _^ ••••••«•• 

COCOCOCICOCOCOCOCOCOCOCOCOCOCOCO 


888 

ooood 


888 

0000 00 


8 


^ 

^ 


o 


08, 




88 


l'Sl 


8 
9 


si 




u)88 

00 00 00 


3 

o» 


«•§1 


isssss 

• • • J • 
i-l r4 *i4 fi4 r4 


lllllíi^^ 


^ 


1 


oooo 

V • • • 

9SSS 


M 


OOOO 

• • » • 


O 

3 


o 


s 

(O 




o 


S 


OUd 

83 


ooooo 
ooooo ooo 


3 

oí 


83 

0¿O 


338 

rococó 


38 

a¿o(; 


83 


lifS 


8 


88 


8 


•o 


OO 

• • 

OOM 


OO 

• • 


8 


3& 




o u» 

3|:3S^ 


8 


8 

(O 


si 


Ú££ 




oooo 

• ■ ■ • 

00 00 00 U» 


3 

o 


3 

9> 


38388 

• _ j • • • 
CO CO 00 co co 


8 

00 


8 

00 


38i388 

• • • _ • • 


& 


8S 


mmíl 


S>9 9 9 9 9 o o 


iá- 


o 

•o 

o 

u 

& 

u 

o 


m 
•o 
u 

00 

•o 

QQ 


ca- 
bo 

9 

>^ 

G 
O 

QQ 

> 

Q 

d 
Q 

00 

9 

O) 
"O 

c 



380 


CONDENSED MlLK AND MlLK PoWDÉR 


INDEX 


Accidents, prevention of 95 

Acknowledgments 14 

Acid tests 50 

Addition of sugar 63 
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CONTAINERS 

for 

Gondensed Milk 

Evaporated Milk 

Powdered Milk 



AMERICAN CAN COMPANY 

120 Broadway, New York, N. Y, 


CHICAGO, ILL. 
Monroe Bldg. 


PORTLAND 
ORE. 


SAN FRANCISCO, CAL. 
Milb Bldg. 
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Efficiency and Economy 

ARE COMBINED tN THE NATIONAL.1.Y KNOWN 
"AUFRICHTIG" VACUUM PAN 

Our Standard "6' 6"" Pan will condense 10,000 poirads 
of milk in one hour with two coil and 12,000 pounds 
with three coil system. 

Investígate the economically operated Jacketed Hot 
Wells. 


Highest grades of materials and best of workmanship 
Js put into our equipment. 

Write for speciAcationg and priceg. 

Alois Aufrichtig Copper & Sheet Iron Mfg. Co. 

Third and Lombard Streets Saint Louíb, Missouri 


{^sdriomb 

^icroscopes 

Standards of Optical and 
Mechanical Efficiency 

Mode^FFS8_a,£?S''gjS 

with adJuBt- 


t heada on al de of a 


a tris 


■asma, three objectlves — Includ- 
Immersion— In revolvlnK nose- 
vra eyeplecee anú an Abbe con- 
In Qulch-actluff screw Bub- 
Nuraber oí roagnifloatlons ob- 
: ranges from 50 to 12S0. Con- 
m Ib ruBsed. and black crystal 
in arm and baBS unusually 

rile for caíalos dacribing thü 
and other modrU. 

Bausch £? Ipmb Optical ©. 


LeoiKRa Amrricim Matett 
oí High Onde Optical Pnducli. 
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Dry Milk Products 

Manufactured in 

''Buflovak'' Apparatus 

The **Buflovak*' Vacuum Drum Dryer is the 
ideal apparatus for converting milk into pow- 
der f orm. The milk is dried without the slight- 
est danger of overheating or contamination. 
Every part of the interior is aceessible, and can 
be easlly eleaned — a distinctive feature of the 
'*Buflovak'' Dryer. 

When considered in the light of steam con- 
sumption, drying speed, output, quality and 
drying eost, it is the most economical milk 
dryer on the market. Dries skim milk, butter- 
milk, malted milk and other liquids containing 
solids. 

The ''Buflovak" Bapid Circulation Evaporator 
is especially adapted for evaporating milk and 
other delicate liquids. 

Vacuum Shelf Dryers for drying casein and 
other products in pans or trays. 


Gatalog showing all types of **Buflovak** Dryers 
and Evaporators will be mailed on request. 

Buffalo Foundry& Machine COí 

20 Winchester Avenue 
BUFFALO, N. Y. 

NEW YORK OFFICE: 17 BATTERY PLACE 
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THIS MACHINE 

Plays an Important Part in 
Milk Camiing 

It labels as many cansía day as you require. 
Orders are filled promptly and 
Storage facilities never overtaxed. 


THE BURT LABELING MACHINE 

Is used in tbe sniall as well as the largest plants because 
tbere is no other way to label cans so fast, neat and cheap. 

It applics the label with a hot moisture-proof cement 
which sets instantly, tbus preventing Ibe label from slipping 
while being wrapped aroitnd the can and ensuring it always 
being applied tigbt and tnatcbed cvenly at lap. No paste is 
pul on the can, so there's no possibility of Ihe label discolor- 
ing— it always looks as tbough just from the printer — tbat 
increases tbe sales valué of goods. 

Let US lell you more about the Burt Labeler — what it does 
and why you sbould not be witbout it. Just state size of cans 
used. 

BVRT MACHINE COMPANY 

L4ibelliig, Wrapplng and Caeing Machines 
BALTIMORE. MD. 
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The By- Products Reco'very Company 

109 Chamber of Commerce Buildirg Toledo, Ohio 


Milk Products Department 

Automatic Con cent rato rs for "Evaporated" Milk, 

"Preserved" Milk, Dry Milk and 

Silgar of Milk Faetories 

^^'hole Milk, Skim Milk, Bultcrmilk and Whey Rapidly an 

Economically Reduced lo High Concéntrales Without 

the Aid of Vacuum Pumps, Condensers, Water 

or Expert Labor 


It ia More Economical It is Leas Complicated 

ít ia More Simple ío Opérate 

No Water Requirements Excepting for Cooling 

More than 100 Machines Now in Use 

For Particulars Write 

The By-Products Recovery Go., Toledo, O. 
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THE 
Cherry Condensed Milk Cooler 


Three Special Fealures 

1. It is equípped with the justly fatnous Cherry Twin 
Coil. 

2. The coils are of special diameter to assure their beíng 
entírcly submerged at all times, thus preventing tbe incor- 
poration of air into the product. 

3. It is equípped with a two-speed drlve. This drJve is a 
clutch puUey through steel cut gears. This. equipment pro- 
vides for operating the coil on high speed for evaporafed or 
plain condensed and on lew speed for sweetened condensed 
milk. This feature is exclusive on this type of cooling vat. 

A Dependable Outfit 

Where condensed milk is concerned the requirements cali 
for a cooling system enabling the operator to maintain the 
desired variation in temperature between the product and the 
cooling médium and to save every minute of time it is pos- 
sible to save in handling the product. The Cherry Condensed 
Milk Gooler is designed to accomplish this parpóse and has 
proven its efüciency in some of the largest plants in the 
country. 

BUTTER MAKING EQUIPMENT 

For the Condensery needing a complete Butter Making 
Outflt there is the Cherry Line of Greamery Equipment to 
cover every requirement. 

If you are considering the manufacture of butter, let us 
quote you prices on your needs. Ask for our special catalog. 

J. G. CHERRY COMPANY 

CEDAR RAPIOS, lOWA 
St. Paul, Hinn. Tama, lowa Peoría, UL 
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The WIZARD 

Condensed Milk Gooler 


DESIGNED particularly for the condensed 
milk trade. It ¡s made extra deep. Coil 
fe entirely submerged, thus preventing the incor- 
poration of air with the product made. 

Coii has two speeds, composed of shifting cut 
gears so that coil can be run on high speed for 
evaporated or plain condensed and on low speed 
for sugared condensed. 

Built eilber witb lega bigh enougb to pennit a 10 gallón 
cao beneath gate valva or on standard beigbt legs as desired. 

It has tlio patented Wizard Múltiple Feed Coil eitber 
2" OT 2^" diameter as desired; large buUt-iii bríne box; and 
the latter can be fltted witb direct expansión ooils wben de- 
sired. Made in sizea from 300 to 1000 gallons, equipped 
for motor or belt drive. 

The Creamery Package Mfg. Company 
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Ruff Milk Condensing Evaporator 


1920 MODEL NO. 7 

The Ruff Milk Condensing Evaporator condenses inilk at 
145 degrees temperature wilEout use of vacuum, leaving the 
albumin milk solids soluble. 

Will make a superior quality condensed milk of all grades 
sold on the niarket, such as plain condensed and superheated, 
sugared condensed milk, sugared milk condensed for the 
chocolate trade, unsweelencd evaporated, precondensing for 
milk powder, al so buttermilk. 

A world beater in connection with your pan to pre-heat 
milk to 210 degrees for making sugared and unsweetened 
evaporated, a saving of 15 per cent to 18 per cent moisture, 
which is generally added when milk is beated with live steam. 

This evaporator is built of the best material, neat in 
appearance, has a large capacity, economical in power and 
steam, and is a money-maker to ice cream manufacturers, con- 
denseríes and creameries. The saving on water and power to 
pump would soon pay for this entire equipment. 

Apply to 

THE CREAM PRODUCTION CO. 

PORT HURÓN, MICHIGAN Mfga. for United States 

B. TRUDEL & CO. 

MONTREAL, QUEREC Mfga. fw < 
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TheDickersonVent HoleFillerand Sealer 

Bsby Machine 11 Tall Machine 11 Combination Machine 
for 6 oz. cana {| for 16 oz. cana || for 16 and 12 oz. 


TALL SIZE 

Dickersoii FÜlcrs give EFFICIENCV— ACCURACV— ECONOMY 

They are THE WORLD'S STANDARD 

The cans have only a vent hole. They are fllled and sealed 
conttnuously and automatically on Ihe same machine. ONE 
MACHINE DOES IT ALL. By using the oíd style wide-open 
cans, you transfer much of the can makefs grief to your flller 
room. Get COMPLETED <vent hole) cans and a Dickerson 
ñller. Besides being neater, cleaner and safer, vent cans cost 
less. The process of ñlling and sealing is also much cheaper. 
The government will "get you" if you sell short weights, 
You'll not get a "thank you" for a surphis. Fill every can to 
correct weight (to the gram) and neither shortage ñor sur- 
plus will worry you. 


A gram A can A year= 

The F. G. Dickerson Co., S49W.WailiinglonBlvd.,Chkago 
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CONDKNSKD MlLK AND MlLK PoWDKR 


" Da vis Pasteurization' ' 

This is an efücieiit liiie of oiir machinery which will 
properly pastenrize large quaiitities of milk at low operat* 
iug cost. With this equipraeiit you are insured a natural 
raw taste, the big Davis cream line and a low bacteria 
count. These are the three big thíngs so essential to the 
prcper biiildiiig of aiiy milk biisiness. 

"pavis Pasteurization" machinery is automatic in 
operatiou, easily cleaned. reqiiires little power expense 
and oecnpies smail floor space. It needs praiTtically no 
attention while operating, The milk is all inclosed so 
therp is no loss frora evaporation and no ehanee of eon- 
tamiiiation. The rlgbt temperatures are applied in tbe 
ñgbt way, 

This eqnipment will solve yoiir pasteurization problem 
in tlie simplest way, insure you against eompetition and 
cut your cost of handling to a rainimum. Write our near- 
est oíSce for complete information. Tell us how much 
milk yon handle daily. Let our experta help you with 
your problems. Sueh action on your part obligates you 
in no way, and it may help you more than you think. Do 
it NOW. 

D\vis A^VTKiNS HmrymenS MFG.Ca 
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A Reliable Butter Maker. 

Once a Disbrow Owner, ahvays a Disbrow Booster. 
Butterinakers everywhere p roela i m the superiority of the 
Disbrow. Built stroiig and sturdy, it will stand up well 
under heavy loads. The qiiality is tbere. It is like a 
piire-bred animal, worthy of its ñame at all times, 

For large capacity and continuous work you need the 
Number Eight Heavy Duty or the Nuraber Eight Giant. 
The Giant barrel is a little larger in diameter; the cast- 
ings and ehain are a little heavier. Both barréis are eight 
feet long on the inside. 

If you are interested in knowing the detailed information 
of this wonderfuUy eíficient, combined churn and worker, 
write for "The Disbrow Churn Book." It is free and there is 
no obligation. There are smaller sizes, if the Number Eight 
is too large. The free book shows piclures and gives com- 
plete information on the Disbrow Churn your business needs. 
Send for it NOW. 

DWISA^TKINS DaIRYMEN^ MFG.Ca 
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DRY BUTTERMILK 

OR 

BUTTERMILK POWDER 

Í8 in constantly increasing demand 
at a pnce that means 

BIG PROFITS 

to the wide-awake creameryman 
equipped to manufacture same. 

Dry Milk Engineering Co. 

Í8 building and installing successful 

Buttermilk Drying Plants 

9 

in Dairy sections everywhere that are 
simple, efiicient and economical to 
maintain and opérate, require but 
little space and power and insure 

MORE REAL PROFIT 

than any other method of 
Buttermilk disposal. 

Full details and suggestions by our Dry Milk Experts and 
Ejigineers are yours for the asking. 


DRY MILK ENGINEERING CO. 

139 N. CLARK ST., CHICAGO 
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TÜÑIFORM STERILIZATIONl 

is aecured by using the Fort Wayne Sterilizer. Built iii 
various sizes, from a small Pilot up to a 144-ea8e machine, 
it will handle all sizes, of standard eans without ehange of 
equipment. Let us tell you abont the recent improve- 
meiits incorporated in this sterilizer, and why it Í8 used 
by all the leading manufacturers of evaporated milk, 
We also build straight Une and rocker arm shakers of im- 
proved design, steel trays and taaks, as well as special 
maehinery. Our new plant with modern equipment en- 
ables US to give good service at a reasonable price. 
Tell ua your requirements and let us show yon what we 
can do. 

THE ENGINEERING COMPANY 

1600 WINTER STREET FORT WAYNE, INDIANA 
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The condensed milk and milk powder industry is 
not new, yet little has been written on the subject to 
enlighten the manufacturer on its many complexities. 
Nevertheless, it has always been the opinión of those 
engaged in milk and milk produet production that sani- 
tary eleanliness must prevail. Due to the persistent 
demand for eleanliness, and assisted by the never fail- 
ing service rendered by 


C/ea/ier 


^/li/ C/e^nser 


the milk and milk powder industry has reached a very 
high development. 

This cleaner not only appeals to the producer of 
milk and milk products because it establishes the most 
sanitary and cleanly conditions, but also because it does 
this so much more easily, quickly, economieally and 
profitably than other cleaners. 


Indian in Circle 



Your supply^ house will fiU your 

order on our money back 

guarantee. 

It Cleans Clean. 


in every package. 


The J. B. Ford Co., Soie Mfrs., Wyandotte, Mich. 
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WHAT JBd& DOES 



THREE FUNDAMENTAL PRINCIPLES 

The diflferent uses for BK are based on three funda- 
mental principies. When these are understood it gives 
an appreciation of BK and a knowledge that enables man- 
ufacturers and handlers of dairy producís to apply it ín 
many ways to lighten labor and produce purer products. 

These principies are: 

1. High bacteriacidal power 

2. Solvent Action 

3. Harmlessness 

The bacteria-destroying power of BK is high, so that 
it kills the bacteria on coming in contact with them. 

The solvent action of BK on albumins — ^milk casein, 
etc., softens the accumulations on coils, heaters, pasteur- 
izers, pipes, etc., making the cleaning operation easier. 
Where the metal parts of equipment are not already 
coated with casein the application of BK before the daily 
run prevents a milk film from adhering and also dissplves 
any thin albuminous film that might be there. This sol- 
vent action also exposes the bacteria to prompt destruc- 
tion. 

These two functions of BK insure a high degree of 
sterilization and cleansing — also great economy of labor. 

BK is a harmless hypochlorite such as used by the 
most experienced medical men in and on the human body 
— adopted by the great surgeons of the allied armies 
after trying over 150 diflferent artides for protection of 
health and foods of the armies. 

The amount of BK needed to make an eflíective steril- 
izing solution is very small and the amount of BK left on 
the equipment after using is infinitesimal and negligible. 
Authoritative Experiment Station buUetins prove this 
point conclusively in their tests on chemical sterilizing. 

BK is easy to use everywhere for purifying, deodoriz- 
ing and disinfecting. BK has stood the test of time— it 
has made good. Those who learn its helpfulness become 
constant users. 

GENERAL LABORATORIES 

19 S. DICKINSON ST. MADISON, WIS. 
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GROEN 

Vertical Condenser 
Copper Vacuum Pans 


' Bnilt in 
3, 4, 5, 6 and 7 ft. 
Sizes. 


Large Coil 
Inlets and Outlets 


Exhaust Steam. 


Write £or Blueprint 
Speoiñcations 
and Pricea. 


Deliveries made as 
promised. 


Manufacturera of Copper Vacuum Pana, Hotwells, 

Steam Jacketed Kettles and Special 

Copperamith Work. 


GROEN MFG. CO., me. 

Goppersmiths 

4529-37 Armltage Ave. Chicago, U. S. A. 
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Jensen Vertical Goolers 


CONDENSE© AND EVAPORATED AIILK 

elimínate crystallization. 

Purnisb Correct Amounl of Agilation to Produce a Smooth 

Product. Eliminate Air and Gases Thru Rolation of 

Double Helical Coil During Cooling Process. 

PREVENT CONTAMINATION 

as all Packing and StuHing Boxes are Outside and Above the 

Machine. 

ASK FDB CATALOG Na. 2DA. 

Jensen Creamery Machinery Company 

Long laland City, N. Y. Oakland, California 

Soulhem DUtrUnitocí 

BLANKE MP6..* SUPPLY CO., ST. LOUI3. MO. 
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HARRIS COPPER VACUUM PAN 

FOR MlLK CONDENSING 


ARTHUR Marres Se Co. 

Pioneer Con ((ruc (orí o/ 

MlLK CONDENSING APPARATUS 


2 1 £-2 1 e curtís STTREET 


CHICAOO, IL.I-INOI8 
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Harrís Copper Vacuum Pans 
Milk Condensing Machinery 

Have been our Specialty for over 
SOyears. Over this period we have 
continuously produced High 
Grade Apparatus which has given 
niost gratifying results both in 
production and service. Lar ge 
capacity Harris Copper Vacuuní 
Pans in service today total in the 
hundreds. 


We Solicit Your Inquines for 


VACUUM PANS 
FOREWARMERS 
VACUUM PUMPS 
COOLING MACHINES 
PIPE GOOLERS 
RECEIVING TANKS 
STORAGE TANKS 
FILLING MACHINES 

PEEPHOLE 


STERILIZERS 
SHAKERS 

LABELING MACHINES 
RUBBER PACKED COCKS 
SAMPLERS 

SUPERHEATER BULBS 
COOLING COILS 
WEIGH SCALE TANKS 

GLASSES, ETC. 


Arthur Harris & Go. 


Established Í88á 


212-218 Curtís St. 


Chicago, Illinois 
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The Lathrop-Paalson Company J^^'J*^ 

Can Washer of Super-Success. No Waste, Leu Work, 
Bigger^andlBetter^Results. 


NOTABLE IMPROVED FEATURESi 


Drlven by motar or ataun tnr- 
bln* of lesa than on* uid ona-' 
hklf liorae power. 

Xjébs than ona-QnftrUr horae 

machine drlve. 
Water coneumptlon ont ■•Tantjr- 

fl»» per cent. 
Drylng capaolty DOUBLBD. Fan 

dellverlns 1800 cublc feet of 

Aij, Bta^a, nip«r-)Mat*d alr 

WARM SODA SOLUTION WASH 

— under preasure of SO to 100 

poundB. 

CI.,BAR SCALDINQ WATER 

WASH Immedlately rollowlng 

Th» Lalhrop 

SptclaUt 


■ preaaure ot 80 to 100 

S'ÍeAM STERILIZATION under 
complete control, any amount 


and ETBXT 

to r 


tíOD. 

I n BU res Olaan, Dtt, BtarUa re- 

ceptaclee for tha conveyance 
of produet from producer to 
manufacturer at lowest pos- 
sible coBt. 
Machines have the unlque tea- 
ture of hanallng cana as fast 
or RB slow as desired, depend- 
ing: eolely on the apeed they 


e fed tt - 


syond capad t y. 


/ion Company ar* MUk Can WaiMnt MatMn* 
¡d Solltlf rour In^uMmm >n<f Km^ulrtmmnlm 

THE LATHROP-PAULSON COMPANY 

24SB W«t 48tb Straat. Chlraso. IlUnola 
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Mílk and Egg 
Drying Machinery 


WE have over one hundred plants 
in successful operation using 
our spray process in United States 
and Foreign Countries. 

We supply and install complete 
Milk or Egg drying plants of any re- 
quired capacity, guaranteeing the 
highest eíficiency at the lowest cost, 
and that our fínished products are 
freely soluble. 

We build a tray albumen Egg 
Drier, which produces a crystal or 
flake product. Also a Buttermilk 
Drier, other than the spray process. 
Price and particulars on application. 


Write for Catalogue 


Milk Drying Machinery Company 

Designers, Manufaciurers and Builders of Milk and Egg Drying Machinr 
ery. Patenied in U. S. and Foreign Countries. Estahlished in 1903. 

138 North Clark Street, Chicago, Illinois 

SuHe 1017-18 City HaU Square Buüding 
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Mojonnier Milk Teater for Butter Fat and Total Solida 

(l-rOTM, pilFlUcd AprlL 3, ISir: Appiimm. n.líiiled Kcliru.ry S. ISIS; Aprll 9, 1918: Juno 

Standard Equipment 

Lti all up-to-date ice creain, condensed and evaporated milk 
plants and the larger fresh milk plants includes the 

TIICÍOIVIÜC^ Tester 

It is used by a large majority of the manufacturers of evapo- 
rated milk, and with il they standardizo their product lo 
within a few hundredths of 1 per cent of any standard de- 
sired upon bolh butter fat and total solids. 

OTHER MOJONNIER PRODUCTS: 


Mojón I 

Mojón: 

Mojón 

Mojonni 

Mojonni 

Mojoni 


Ice Cream Orerrun Tester. 

Culture Controller. 
¡er Evaporated Milk Controller, 
ier Evaporated Milk Can Polisher. 
ier Evaporated Milk Can Opener. 
¡er Compoeite Sample Bottteg. 
ier Steam PresBure Copper Kettiea. 

■pparaluB Mná laborMtory ■upplle* for 
lologic ■ ■ ' 


■od baDloriDloEic^ control of 

FuMb In/unnilhn diia ulli JurnMtJ o» inv af Ut aioM praJucU. 

JRjnmmm. B/tea.C». 


7J» WEST J\CKSON BLVD.. CHICAGO 

Eaatetn Office 200 FIf th Ayenuc. N< 

Southern Office 4431 Marftaretta Av"»» 

Westem Office 2674 McAnister Street. 
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Are You Getting the Highest 
Efficienfíf From Toar 

Testing Room ? 


NAFIS 


SCIENTIFIC 
GLASSWARE 


WILL HELP YOU TOWARDS 
THAT GOAL BECAUSE OF ITS 


:y and 

Nafis 

Testing 
Glassware 


reau of Standarda j 
of the dltterent sti 

Test Bottles are ._. 

the regular or Che drolad Oradna- 

ttolt sCyle. 

Send in a trlal order and Judge 

for yourself. 

If your dealer cannot supply you 

with Hkfl.1 OlMBW»*, wrlte for 

our illustrated calaloBue and Hit 

of our distributora. 

Louis F. Nafis, Inc. 
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PFAUDLER 

GLASS LINED STEEL 
CONDENSED MILK EQUIPMENT 

This Tank ís used in Gondenseríes and 
Bottled Milk Plants to reduce the tem- 
perature of incoming milk. II is jacketed 
for brine circulation, may be equip^ed 
with either Air or Mechanical Agitatins 
De vi ce, and the Milk Iiilets are pro vi dea 
with spreading devices wliich spread the 
milk in a thin film over the brine-cliilled 
tank wall, reducing it at once to a low 
temperature. Sizes, capacities and prices 
on request. 

, pF A U D L E R 
^ Forewarm- 

I ers are made in ""mnl stíríit Tiit**"' 

the single-shell 
! type or with jacket and side agitator, 
' as illustrated. With the latter the major 
I part of the preheatíng operation may 

be carried out wilhout the introduction 
I of steam and finished by the injection ot 

live steam with the regular type of 

steam beader. It may be had witb or 

I wilhout the copper cover illustrated. 

PtaKitr. Biui LiiH su» Sizes, capacities and prices on request. 

Tbis Milk Truck Tank is divided 
Ihrougb the center by a parti- 
tion head which is open at the top 
and bottom and acts as a baQle lo 
minimize churning of the con ten ts. 
The interior, including butb sides of 
the partition head, is lined witb 
Pfaudier Glass Enamel, which ex- 
tends to the outer edges of the man- 
bole flanges and to the end of the 

outlets localed at the underside of 

the tank. 

Wríl« for Daíry Equipment BuUetJn 

THE PFAUDLER COMPANY 

ROCHESTEB, N. Y. 

NEW YORK CHICAGO ST. LOITIS SAN FRANCISCO 
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How To Prevent Streaks and 
Motiles in Butter 

Prof. Huazikcr assorts that streaka and mottles in butter 
are caused by : 

(1) Ineouplete ruiiou of ult aud walcr in Initur. 

(2) Faultr MechamUial condllion of Ihs butUir warken. 
(3} OnrloadiiMI of the BuehiiM. 

Not one of these causes but what may be overeóme by any 
buttermaker who takes pride in his product. With Colo- 
nial Salt the buttermaker will never be troubled with in- 
complete fusión. The other two causes are mechanical 
and can be easily remedied. Flake salt dissolves quicker 
than cube salt of the same size grain. Colonial Salt is the 
only all flaked Butter Salt on the market. It will produce 
over-run, eolor, flavor and body, Try it in your next 
bateh of butter. íí'*Vá'-lN^íís^í?^'-¿í&^K 

THE COLONIAL SALT CO. 

AKRON, OHIO 

CMICACO BOSTON ATLANTA BUFFALO 


R & A Hydraulic Can Washer, Sterilizer and 
Drier for Clean, Dry Sterile Cans 


RICE & ADAMS, Inc. 

166-182 CHANDLER STREET 

BUFFALO 


412 CondensI':d Milk and Milk Powder 


STERILIZERS 

In All Standard Capacities 


Equal Heat Distribution 

RAPID LOADING 
AND UNLOADING 


Our Shakers are also good 


a E. ROGERS 

8731 Witt Street Detroit, Michigan 
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HIGH TYPE GOPPER 

VAGUUM 
PANS 


SAVE 

Fuel, Water 
Milk, Labor 


Largest 
Gapacities 

Utilizing either 
Live or Exhaust 
Steam 


Manufactured 
complete by 

C. E. ROGERS 

S731 Witt Street Detroit, Michigan 
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SARGENT'S ELECTRIC DRYING OVEN 


(PATENTED) 


lure from 70' C. to lEO" C. 
Hiid A'IIt malntain that tem- 
perature Indeflnitely. AI- 

Froduct Laboratories where 
the malnlenance of Ihe low- 


Prlce complete wlth sli-too 
cord, pluK and thermometei 
I3S.00. Wound for IID- o 


E. H. SARGENT & CO. 

lUanufaclarmrm, Im^orttrt, Daaltri In ChtmieiU md Chvnleal 
Ápparatai of High Cradm tmly. 

158-185 Eut Superior Street CHICA G'O 


Schaefer 
Manufacturing Company 

BERLÍN, WISCONSIN 

Manufacturers of 

Gondensed and Evaporated 

Milk Machinery 


Sterilizera Automatic Cao Coolera and 

Shnkers Machinery Special Machinery 

Test Sterilizera Can Conveyors fftr Special 

Flilera Teaters PurpOBea 
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Make Your Own Cream 

T^JIE Sharples Emulsifier enables you 
^ to make every day, the exacl amount 
of cream needed. No shortage. No 
surplus. With butter, skim milk powder 
and water you make your own cream in 
proper quantities at the proper time 
with this machine. 


The 



Emulsifier 


— emulsifies tíiree times as ihoroughly 
as any other emulsifier— 

— «larifies the product. The cost 
of oil and repairs is guaretnteed not 
to exceed $2.00 a year. Sharples 
is the mosl economical. 

Wrile to nearesl office Jor calaiog 
describing ¡he Sharples Emulai- 
Jier and eonlaining osera' ¡etUrs. 


THE 

SHARPLES SEPARATOR 

COMPANY 

West Cheeter, Pa. 
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Cemcoat 

White Sanitary Washable Interior Coating 

Cemcoat is a suow-white coating applied llke paint. 
It is glossy and mirror-like and increases the light by. re- 
flecting it from every angle. Paint on the light in your 
Condensery — Cemcoat your walls. The Boston Bio-chem- 
ical Laboratory after an exhaustive test finds that Cem- 
coat affords no ground for accumulation of bacteria and 
fungi. Heat and cold does not affect Cemcoat — it is 
water-proof. 


lAPIDOlITH 

■■ TRADE-MARK ■■ 


Dust-proofs and wear-proofs concrete 
floors by chemical action 

Lactic acid in milk causes deterioration of concrete 
floors. Prevent these conditions by flüshing on Lapidolith, 
the liquid hardener. 

A chemical combination is effected through the action 
of Lapidolith on the cement, making the floor granite-like 
and non-absorbing. 

Many dairies and condenseries have thoroughly tested 
Lapidolith for a number of years. We will refer you to 
these satisfied users and send samples and complete In- 
formation. 

L. Sonneborn Sons, Inc. 

264 Pearl Street NEW YORK 

dkpt. so 


CONDENSED MlLK AND MlLK POWDER 


4i; 


Are you going to make 

MlLK POWDER? 

// you are, your logical choice of 
drying equipment is that of the 

SPRAY DRYING CORPORATION 


BECAUSE 

BECAUSE 
BECAUSE 

BECAUSE 
BECAUSE 

BECAUSE 
BECAUSE 

BECAUSE 


BECAUSE 
BECAUSE 


WHY? 

all the milk powder is recovered within the 
spray chamber, and not in a succession of 
secondary equipment. 

no milk powder escapes with the outgoing air, 
a common fault with spray dryers. 

it eliminates any need for coUecting the powder 
by means of cyclone dust sepárators and great, 
rambUng, unsanitary bafile chambers. 

of the low fuel power and labor cost. 

of the automatic discharge of powder directly 
into the barréis without conveying machinery 
or hand shoveling. 

the space occupied is only a fraction of that of 
other spray systems. 

no high pressure pump is required for spraying 
the milk, steam pressure furnishing the forcé 
with which the milk is sprayed. 

we install these dryers at your. plant complete 
in every detall, and set in operation and relieve 
you of any concern in the matter. 

the powder is freely soluble in cold water. 

there is no royalty to pay. 


We huild these dryers to opérate either with 
fluid milk or condensed milk, In asking 
US for estimates please tell us how 
much milk you wish to dry, 

Spray Drying Corporation 


50 VESEY STREET 


NEW YORK CITY 
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■» T ^-v T T can reduce manufacturing costs 
j[ \^ \^ and improve your product with 
TAG-ROESCH Time-Temperature Controllers— 

BecauMCí 
Perf ect sterilization of every batch 
of nrilk becomes a daily and 
natural occurrence with practi- 
caliy no labor or attention; 
Regar diess of a skilled labor 
shortage, íhe quality and the 
quanlity of production are safe- 
guarded forever, because an in- 
experienced workman, afler 30 
minutes of instruction, can efti- 
ciently handle a number of steril- 
izers; 

A rich eretimy appearance and 
uniformly heavy consistency of 
Ihe finished product are de- 
veloped — despite the fact that the 
condition, properties, and con- 
centration of tne milk are flxed — 
because the time and temperature 
cycles are adhered to riffldly; 

A satiefactory product is assured— seven days in tlie week 
and 52 weeks in the year — in exact accordance with the 
pre-determined speciflcalions, because the vital factors of 
lime and temperature are no longer a "bit or miss" propo- 
sition; 

No Boparation of the milk when subsequently j>laced in 
slorage, because the milk always obtains sufíicient body 
or viscosity; 

Hard, unshakable curda are avoided, al so dark color 
formation, due to the fact that excessJve time and tem- 
perature exposures are eliminated; 

Conaiderable fabor and steam are conserved, which sav- 
ings often are suflicient to more than pay for tfae con- 
trollers in une year; 

TAG-ROESCH Time-Temperature Controllers can be proflt- 
ably employed in any milk condensery because tbis device 
can be furnished to handle automatically, any combination 
of time and temperaturé~~no matter how unusual or com- 
plicated the sterilizing process may be. 

LIAdUl ^'^*' '"' ^'>'*'oK "-'^^ 

-^-^^^^^^' and Include detaih of your 
TiU'PGjCO. tterilising rttiuirtmtntt. ^ 
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yÜTOPERATURE INSTRUMENTS 
— \y^ 

la-RCCORDINQ- COMTROU-INO 


cover every need in temperature equlpment of 
condensed milk and milk powder plants. The 
executive who needs temperature instruinents 
will (ind in the list of Tycoe products just what 
he requires for each especial applicatíon. 



Instruments for every 
Temperature Need 

Angle and Straight Stem Tber- 


RECORDING 


Engraved Stem Thennometen 
Paper Scale Dair; Thennoiiietert 
Dial Thennametera 
Recording and IndexThennometert 
Temperature and Preiiure Regu- 

lators 
Recording Preature and Vacuum 

Gauges 
Hydrometers 

Bi- Record Recording 
Therm ome ter 


Tycos instnimcnts are made for every 
purpose in the Millc Industry from the 
time milk enters the hot well untU ít is 
ready to be removed from the condenser 
or vacuum pan. 

It will be a prIvUege for us to aend 
carefu)); prepared lilerature, giv- 
ing Tsluable ' ' r-. . 

ask for It. 


TAYLOR INSTRUMENT COMPANIES 

ROCHESTER, N. Y. 

Thert it a Tyet» and Taytor ThermomeUr for Every Parpóte 


C0N1>ENSKD MlLK AND MlLK PoWDER 


Why the L.eadíng 

Condensed Milk Makers 

Choose Sturges Cans 

— becausp they are accurate — absolutely true to mpasure. 
Sanitary— easy to clean and keep clean. Built oxtra strong 
to withstand long s 


aro built of the highest grado of 
stool plato, carofuUy tinned. S^'ams 
soldered smooth as a china bowl, no 
places for milk to lodge and sour. 
Writo for catalog No. 11 i. 

STURGES & BURN MFG. CO. 

"Ltadtri Sinct lUS" 
CHICAGO, - ILLINOIS 


Torsión Balance Creamery Scales 

No Knife-Edgea — No Friction — 

No Wear 

SENSITIVE and ACCUBATE 

Tar«a aud balancea in «ne operotlou. 

No loóse parts to shift, Work- 
ing parts practically in one 

Torsión Balance bottie Cream 
Test Scale, Style 1500, used 
by collection stations, cream- 
eries, etc., on account of its 
extreme ac cu rae y, 

Your proflts depend on your 

tests as much as anything 

else, probably more so- 

ChrÍBtian Becker 

Analytical Balances 

The Torsión Balance Co. 

Hnd ornan 92 Dude Slrot I ( 31 Weat Laki Strot» 

NEW VOBK, N. Y. Brancheai J CHICAGO, ILL. 

üshth Slnrt ] 49 CaUfnmia Stnet 

rERSEY CITY, N. J. ' V 9AN FRANCISCO, CAL. 


CoNDENSED MlLK AND 

VIiLK Powder 421 

GONDENSERY and 

Powder Plant Piimps 


Wet Vacuum 
Pumps for ex- 
hausting Milk 
Pans manufac- 
tured in a]l ie- 
quired sizes and 
styles. 

SPECIAL 

HIGH 

PRESSURE 

PUMPS 

ron 

Cooling 

Sweetened Con- 

densed Mítk 


Spraying into 
Drying Cabinets 


BuUeti—sDd Detall Intormxllo 

Alw.;. Av.il.bl. 

UNION STEAM 

BATTLE, CREEK 

PUMP CO. 

MICH. 


2 CONDENSED MlLK AND MlLK PoWDER 

COMPLETE 
Pumping Equipment 

Gondensed Milk and Milk Powder Plants 

STEAM, BELT OR MOTOR DRIVEN FOR 
ANY SERVICE, CAPACITY OR PRESSURE 

WELL PUMPS 

TANK PUMPS Spray Pumps 

BOILER PUMPS 

BRINE PUMPS . 

VACUUM PUMPS 
FILTER PUMPS 

Viscolizers MILK PUMPS 

COOLING PUMPS 

All Usted and described in Buüetin No. 57 


UINION STEAM PUMP CO. 

BATTLE CREEK, MICH. 


CONDENSED MlLK AND MlLK PoWDER 


¿W. 


The Highest Development in the Art of 

Treating Evaporated Milk to Pre- 

vent the Separation of Butter 

Fat without disturbing the 

Natural Emulsión of 

Casein and Albumin 


Specially Constructed for Condenseries 
Designed as High Pressure Pumps Should be 

BUILT— PATENTED—GUARANTEED BY 

Union Steam PumpCo., Battle Creek, Mieh. 


SALES AND SERVICE BY 

John W. Ladd Ce, Detroit — Cleveland 

Cherry-Bassett Co., Baltimore — Philadelphia 
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THE BUTTER 
IN DUSTR Y 

BY o. F, HUNZIKER 


712 pages and over 
loo illustrations. 

The information 
contained ¡n this 
book is new and nót 
generally known 
even among the 
most progressive 
creameries and milk 
producís faetones. 


PUBLISHED BY THE AUTHOR. 


r 


THIS BOOK IS I>UE ON THE LAST DATE 
STAMPED BELOW 


AN INITIAL FINE OF 25 CENTS 

WILL. ee" A86ES8ED FOR FAILURE TO RCTURN 
THI8 BOOK ON THÉ DATE DUE. THE PENALTY 
WILL. INCREA8E TO 80 CENTS ON THE FOURTH 
DAY AND TO $1.00 ON THE 8EVENTH DAY 
OVERDUE. 
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